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Relevant Linquistics, An Introduction to the Structure and Use of Enqlish for Teachers. 2nd Edition, revised 
and expanded. Paul W. Justice. The University of Chicago Press. Chicago, IL, 2004. 311 pages. $22.00. 
Contents: 
To the Student. 
To the Instructor. Acknowledgements. 
1. What is Linguistics? 1.1. What Do Linguists Do? 1.2. What is the Nature of Language? 1.3. Focus on 
Expressions: The Nature of Words. 1.4. The Nature of Grammar Rules: Prescriptivism vs. Descriptivism. 1.4.1. 
Prescriptivism. 1.4.2. Descriptivism. 1.4,3. Prescriptivism vs. Descriptivism over Time. 1.4.4. Descriptivism 
and the Language Arts Curriculum. 1.5. Narrowing the Focus: English and other Languages. 1.6. Tying It All 
Together: The Relevance of Linguistics. 1.7. Summary. 
2. Phonetics: The Sounds of English. 2.1. Phonetics: Its Relevance to Classroom Teachers. 2.2. Spelling and 
Sounds in English. 2.3. The Smallest Units of Language: Phonemes, 2.4. The Consonants of English. 2.4.1. 
Describing the Features of Consonants: Place of Articulation. 2.4.2. Describing the Features of Consonants: 
Manner of Articulation. 2.4.3. Describing the Features of Consonants: Voicing. 2.5. The Vowels of English. 
2.5.1. Describing English Vowels: Tongue Height. 2.5.2. Describing English Vowels: Frontness. 2.5.3. Describing 
English Vowels: Tenseness. 2.5.4. A Final Feature of Vowels: Roundedness. 2 5.5. Difficult to Describe Vowels: 
Diphthongs. 2.6. Some Important Points about Vowels. 2.6.1. Vowels as Approximations. 2 6.2. The Importance 
of Schwa in English. 2.7. Second Language Issues: Phonemic Inventories. 2.8. Summary. Exercises. E2.1. 
Phonetics Practice: Description of Phonemes. E2.2, Phonetics Practice: Phoneme Analogies. E2.3. - E2.5. 
Transcription Exercises. E2.6. -E2,8. Transcription Jokes. E2.9. Strange but True Transcriptions. E2.10. More 
Transcription Jokes. E2.11. The Connection between English Spelling and Sounds. 
3. Phonology: The Sound System of English. 3.1. Levels of Representation. 3.2. Phonemes and Allophones. 3.3. 
The Systematicity of Phonology. 3.4. Determining the Relationship Between Sounds. 3.4.1. Contrastive Sounds. 
3.4.2. Non-Contrastive Sounds. 3.5. Environment and Contrast. 3.6. Phonological Rules. 3.6.1. Determining 
the Basic Form of a Phoneme. 3.6.2. Rule Types. 3.7. Modeling Phonological Analysis with Four Rules of 
English. 3,7.1. Vowel Nasalization in English. 3.7.2. Vowel Lenghening in English. 3.7.3. Aspiration in English. 
3.7.4. Flapping in American English. 3.8. Phonological Analysis Resource. 3.8.1. Goals of the Analysis. 3.8.2. 
Steps of the Analysis. 3.9. English Spelling Revisited. 3.10. English Phonotactics, 3.10.1. The Syllable. 3.10.2. 
Phonotactic Constraints on Syllable Structure. 3.11. Syllable Stress in English. 3.12. Summary. Exercises. E3.1. 
Minimal Pair Practice. E3.2. Contrastive and Non-Contrastive Sounds. E3.3. Practice with Natural Classes. 
E3.4. Determining Distribution. E3.5. English Phonology Practice. E3.6. - E3.8, English Phonology Problems. 
E3.9. - E3.10. Spanish Phonology Problems. E3.11. - E3.14. Additional Phonology Problems, E3.15. Practice 
with Phonotactics. 
4. Morphology: English Word Structure and Formation. 4.1. Word Classes. 4.1.1. Classification Criteria. 4.2. 
Major Classes, 4.2.1. Nouns. 4.2.2. Verbs. 4,2.3. Adjectives. 4.2.4, Adverbs. 4.3. Minor Classes. 4.3.1. 
Pronouns. 4.4. The Structure of Words. 4.4.1. The Morpheme. 4.5. Classification of Morphemes. 4.5.1. 
Free Morphemes vs. Bound Morphemes. 4.5.2. Lexical Morphemes vs. Grammatical Morphemes. 4.5.3. Root 
Morphemes vs. Affix Morphemes. 4.5.4. Inflectional Affixes vs. Derivational Affixes. 4.6. Challenges in Identifying 
Morphemes: Form vs. Meaning. 4.7. The Hierarchical Structure of Words. 4.8. Word Creation in English. 4.8.1. 
Affixing. 4.8.2. Functional Shift. 4.8.3. Semantic Shift, 4.8.4. Compounding. 4.8.5. Blending. 4.8.6. Borrowing. 
4.8.7. Acronyming. 4.8.8. Root Creation. 4.9. Summary. Exercises. E4.1. Word Class Exercise. E4.2. Morpheme 
Practice. E4.3. Creative Affixing. E4.4. Morphology Trees Exercise. E4.5. Derivational Morpheme Exercise (three 
pages). E4.6. Bound Roots in English. E4.7. English Word Creation Practice. 
5. Morphophonology: Where Morphology Meets Phonology. 5.1, Key Concepts and Terms of Morphophonology. 
5.2. Morphophonology Analysis. 5.2.1. Root Allomorphy. 5.2.2. Allomorphic Variation with Affixes. 5.2.3. 
Morphophonological Analysis Resource. 5.3. Some Rules of English Morphophonology. 5 3.1. The Past Tense 
in English. 5.3.2. The Plural in English. 5.3.3. Relevance at Three Levels, 5.4. Spelling and Morphophonology 
in English. 5.5. Summary. Exercises. Eh.1. English Morphophonology Practice. E5.2. - E5.4. English 
Morphophonology Problems. E5.5. Additional English Morphophonology Problem. E5.6. - E5.9. Foreign 
Language Morphophonology Problems. 
6. Syntax: English Phrase and Sentence Structure. 6.1. More Word Classes. 6.2. Minor Classes. 6.2.1. 
Determiners, 6.2.2. Prepositions. 6.2.3. Auxiliaries. 6.2,4. Conjunctions. 6.3. Major Classes. 6.3.1. Nouns. 6.3.2. 
Verbs. 6.3.3. Adjectives. 6.3.4. Adverbs. 6.3.5. Pronouns. 6.4. Sentence Types. 6,4.1. Simple Sentences. 6.4.2. 
Coordinate Sentences. 6.4.3. Complex Sentences, 6,4.4. Complex-Coordinate Sentences. 6.4.5. Coordination vs. 
Subordination. 6,4.6. Different Kinds of Subordination. 6 5. The Purpose of Studying Syntax. 6.6. Constituents. 
6,6.1. Basic Constituents. 6.6.2. The Importance of Hierarchical Constituent Structure. 6.6.3. Determining and 
Representing Hierarchical Structure. 6.6.4 Grammatical Relations. 6.6.5 Constituent Structure of Complex and 
Coorinate Sentences, 6.6.6. Diagramming Ambiguous Sentences. 6 6.7. Constituent Tests. 6.7. Phrase Structure. 
6.8. Subcategorization. 6.9. Subcategories of English Verbs. 6.9.1. Transitive Verbs. 6.9.2. Intransitive Verbs. 
6.9.3. Complex Transitive Verbs. 6.9.4. Linking Verbs. 6.9.5. Linking Verbs Revisited. 6.9.6. A Final Note about 
Subcategorization. 6.10. Transformations. 6 10.1. Deep and Surface Structures. 6.11. Transformational Rules. 
6.11.1. Sub-Aux Inversion. 6.11.2. "Wh-" Movement. 6.11.3. "Wh-" Movement of Relative Pronouns. 6.11.4. 
A Final Note Regarding Transformations. 6.12. Tying It All Together. 6.13. Summary. Exercises. E6.1. Word 
Class Exercise. E6.2. Sentence Type Exercise. E6.3, Word Class/Sentence Type Exercise. E6.4. Passivization. 
E6.5. Beginning Syntax Trees. E6.6. Advanced Syntax Trees. E6.7. Grammatical Relation Practice. E6.8. 
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Phrase Structure Practice. E6.9. Even More Syntax Tree Practice. E6.10. Subcategorization Exercise. E6.11. 
Explaining Ungrammaticality. E6.12. Transformation Exercise. E6.13. That Word. 
7. Language Variation: English Dialects. 7.1. The Language vs. Dialect Distinction. 7.2. Dimensions of Language 
Variation. 7.3. Absolutes vs. Relatives. 7.4. More Relatives: Correctness vs. Appropriateness. 7.5. Levels of 
Language Variation. 7.6. The Case of African-American English. 7.6.1. Phonological Features of AAE. 7.6.2. 
Morphological Features of AAE. 7.6.3. Syntactic Features of AAE. 7.6.4. An Additional Feature of AAE. 7.7. 
Implications of Dialect Study. 7.8. Expert Voices on Dialect Issues. 7.9. Summary. Exercises. E7.1 Classifying 
Variation. E7.2. Researching Language Variation. E7.3. Practice with AAE. E7.4. Discussion Exercise. 
Appendix 1: Introductory Matters. 1.1. Language Challenges: Ambiguity. 1.2. The History of English. 1.3. 
Illustrating Language History: Cognates. 1.4. The Language Tree for English. 
Appendix 2: Phonetics. 2.1. Distinctive Features. 2.2. More on Variation: Phonetic Alphabets. 
Appendix 3: Phonology. 3.1. Phonological Analysis Chart. 3.2. Ordering of Phonological Rules. 
Appendix 4: Morphology. 4.1. Words and Meaning: Semantics. 4.2. Internet Resources: Word-a-Day Mailing 
Lists. 4.3. The English Tense/Aspect System. 4.4. Verb Tense Exercise. 
Appendix 5: Morphophonology. 5.1 More on Spelling. 
Appendix 6: Syntax. 6.1. More Word Classes. 6.2. More about Phrase Structure. 
Appendix 7: Language Variation. 7.1. The History of English Inflections. 
Appendix 8: Analysis Questions. Phonology. Phonology/Morphology. Morphology. Morphophonology. Morphol- 
ogy/Syntax. Syntax. Glossary. References. Index. 
Mathematics and Computer Science III, Alqorithms, Trees, Combinatorics and Probabilities. Michael Drmota, 
Philippe Flajolet, Dani~le Gardy, Bernhard Gittenberger, Editors. Spinger-Verlag, Birkh~user. Basel, Switzerland. 
2004. 555 pages. $139.00. 
Contents: 
Part I. Combinatorics and Random Structures. Common Intervals of Permutations. Sylvie Corteel, Guy Louchard, 
and Robin Pemantle. Overpartitions and Generating Functions for Generalized Frobenius Partitions. Sylvie 
Corteel, Jeremy Lovejoy, and Ae Ja Yee. Enumerative Results on Integer Partitions Using the ECO Method. 
Luca Ferrari, Renzo Pinzani, and Simone Rinaldi. 321-Avoiding Permutations and Chebyshev Polynomials. Toufik 
Mansour. Iterated Logarithm Laws and the Cycle Lengths of a Random Permutation. Eugenijus Manstavius. 
Transcendence of Generating Functions of Walks on the Slit Plane. Martin Rubey. Some Curious Extensions of 
the Classical Beta Intergral Evaluation. Michael Schlosser. Divisor Functions and Pentagonal Numbers. Klaus 
Simon. 
Part II. Graph Theory. On Combinatorial Hoeffding Decomposition and Asymptotic Normality of Subgraph 
Count Statistics. Mindaugas Bloznelis. Avalanche Polynomials of Some Families of Graphs. Robert Cori, Arnaud 
Dartois, and Dominique Rossin. Perfect Matchings in Random Graphs with Prescribed Minimal Degree. Alan 
Frieze and Boris Pittel. Estimating the Growth Constant of Labelled Planar Graphs. Omer Gim~nez and Marc 
Noy. The Number of Spanning Trees in P4-Reducible Graphs. Stavros D. Nikolopoulos and Charis Papadopoulos. 
Part III. Analysis of Algorithms. On the Stationary Search Cost for the Move-to-Root Rule with Random Weights. 
Javiera Barrera nd Christian Paroissin. Average-Case Analysis for the Probabilistic Bin Packing Problem. Monia 
Bellalouna~ Salma Souissi, and Bernard Ycart. Distribution of WriT Recurrences. Pawel Hitczenko, Jeremy R. 
Johnson, and Hung-Jen Huang. Probabilistic Analysis for Randomized Game Tree Evaluation. T~mur All Khan 
and Ralph Neininger. Polynomial Time Perfect Sampling Algorithm for Two-Rowed Contingency Tables. Shuji 
Kijima and Tomomi Matsui. An Efficient Generic Algorithm for the Generation of Unlabelled Cycles. Conrado 
Martfnez and Xaivier Molinero. Using Tries for Universal Data Compression. Yuriy A. Reznik and Anatoly V. 
Anisimov. 
Part IV. Trees. New Strahler Numbers for Rooting Plane Trees. David Auber, Jean-Philippe Domenger, Maylis 
Delest, Philippe Duchon, and Jean-Marc Fg<lou. An Average-Case Analysis of Basic Parameters ofthe Suffix Tree. 
Julien FayoUe. Arms and Feet Nodes Level Polynomial in Binary Search Trees. Eric Fekete. Random Records 
and Cuttings in Complete Binary Trees. Svante Janson. Multidimensional Interval Trees. Mehri Javanian and 
Mohammad Q. Vahidi-Asl. Edit Distance Between Unlabelled Ordered Trees. Anne Micheli and Dominique 
Rossin. On Parameters in Monotonically Labelled Trees. Katherine Morris. Number of Vertices of a Given 
Outdegree in a Galton-Watson Forest. Tatiana Myll~.ri. Destruction of Recursive Trees. Alois Panholzer. 
Part V. Probability. Restrictions on the Position of the Maximum/Minimum in a Geometrically Distributed 
Sample. Margaret Archibald. Dual Random Fragmentation a d Coagulation and an Application to the Genealogy 
of Yule Processes. Jean Bertoin and Christina Goldschmidt. Semi-Markov Walks in Queueing and Risk Theory. 
Mykola S. Bratiychuk. Representation f Fixed Points of a Smoothing Transformation. Amke Caliebe. Stochastic 
Fixed Points for the Maximum. Peter Jagers and Uwe Rhsler. The Number of Descents in Samples of Geometric 
Random Variables. Arnold Knopfmacher and Helmut Prodinger. Large Deviations for Cascades and Cascades of 
Large Deviations. Alain Rouault. Partitioning with Piecewise Constant Eigenvectors. Christiane Takacs. Yaglom 
Type Limit Theorem for Branching Processes in Random Environment. Vladimir Vatutin and Elena Dyakonova. 
Two-Dimensional Limit Theorem for a Critical Catalytic Branching Random Walk. Valentin Topchii and Vladimir 
Vatutin. 
Part VI. Combinational Stochastic Processes. A Combinational Approach to Jumping Particles II: General Bound- 
ary Conditions. Enrica Duchi and Gilles Schaeffer. Stochastic Deformations of Sample Paths of Random Walks 
and Exclusion Models. Guy Fayolle and Cyril Furtlehner. A Markov Chain Algorithm for Eulerian Orientations 
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of Planar Triangular Graphs. Johannes Fehrenbach and Ludger Riisehendorf. Regenerative Composition Struc- 
tures: Characterisation a d Asymptotics of Block Counts. Alexander Gnedin. Random Walks on Groups With 
a Tree-Like Cayley Graph. Jean Mairesse and Frederic Math~us. Nested Regenerative S ts and Their Associated 
Fragmentation Process. Phillippe Marchal. 
Part VII. Applications Real Numbers with Bounded Digit Averages. Eda Cesaratto and Brigitte Vall~e. Large 
Deviation Analysis of Space-Time Trellis Codes. Adriana Climescu-Haulica. A Zero-One Law for First-Order 
Logic on Random Images. David Coupler, Agn~s Desolneux, and Bernard Ycart. Course and Sharp Transitions 
for Random Generalized Satisfyability Problems. Nadia Creignou and Herv~ Daud4. Stochastic Chemical Kinetics 
with Energy Parameters. Guy Fayolle, Vadim Malyshev, and Serguei Pirogov. Large Deviations of Hellinger 
Distance on Partitions. Lelszl6 GySrfi. Estimation of the Offspring Mean for a General Class of Size-Dependent 
Branching Processes. Application to Quantitative Polymerase Chain Reaction. Nadia Lalam and Christine Jacob. 
Decidability of Simple Brick Codes. Malgorzata Moczurad and Wlodzimierz Moczurad. A Constrained Version 
of Sauer's Lemma. Joel Ratsaby. Index. Author Index. 
New Optimization Alqorithms in Physics. Edited by A.K. Hartmann and H. Rieger. Wiley. Hoboken, NJ. 2004. 
300 pages. $155.00. 
Contents. 
List of Contributors. 1. Introduction. (A.K. Hartmann and H. Rieger). 
Part 1 Applications in Physics. 
2. Cluster Monte Carlo Algorithms. (W. Krauth). 2.1. Detailed Balance and a priori Probabilities. 2.2. The 
Wolff Cluster Algorithm for the Ising Model. 2.3. Cluster Algorithm for Hard Spheres and Related Systems. 2.4. 
Applications. 2.4.1. Phase Separation i  Binary Mixtures. 2.4.2. Polydisperse Mixtures. 2.4.3. Monomer-Dimer 
Problem. 2.5. Limitations and Extensions. References. 
3. Probing Spin Glasses with Heuristic Optimization Algorithms. (O,C. Martin). 3.1. Spin Glasses. 3.1.1. 
Motivations. 3.1.2. The Ising Model. 3.1.3. Models of Spin Glasses, 3.1.4. Some Challenges. 3.2. Some Heuristic 
Algorithms. 3.2.1. General Issues. 3.2.2. Variable Depth Search. 3.2.3. Genetic Renormalization Algorithm. 3.3. 
A Survey of Physics Results. 3.3.1. Convergence of the Ground-state Energy Density. 3.3.2. Domain Walls. 3.3.3. 
Clustering of Ground States. 3.3.4. Low-energy Excitations. 3.3.5. Phase Diagram. 3.4. Outlook. References. 
4. Computing Exact Ground States of Hard Ising Spin Glass Problems by Branch-and-cut. (F. Liers. M. Jfinger, 
G. Reinelt, and G. Rinaldi). 4.1. Introduction. 4.2. Ground States and Maximum Cuts. 4.3. A General Scheme 
for Solving Hard Max-cut Problems. 4.4. Linear Programming Relaxations of Max-cut. 4.5. Branch-and-cut. 4.6. 
Results of Exact Ground-state Computations. 4 7. Advantages of Branch-and-cut. 4.8. Challenges for the Years 
to Come. References. 
5. Counting States and Counting Operations. (A. Alan Middleton). 5,1. Introduction. 5.2. Physical Questions 
about Ground States. 5.2.1. Homogeneous Models. 5.2.2. Magnets with Frozen Disorder. 5.3. Finding Low- 
energy Configurations. 5 3.1 Physically Motivated Approaches. 5.3.2 Combinatorial Optimization. 5.3.3 Ground- 
state Algorithm for the RFIM. 5.4. The Energy Landscape: Degeneracy and Barriers. 5.5. Counting States. 
5.5.1. Ground-state Configuration Degeneracy. 5.5.2. Thermodynamic State. 5.5.3. Numerical Studies of Zero- 
temperature States. 5.6. Running Times for Optimization Algorithms. 5.6.1. Running Times and Evolution of 
the Heights. 5.6.2. Heuristic Derivation of Running Times. 5.7. Further Directions. References. 
6. Computing the Ports Free Energy and Submodular Functions. (J.-C. Angl~s d'Auriac). 6.1. Introduction. 6.2 
The Potts Model. 6.2.1. Definition of the Potts Model. 6.2.2. Some Results for Non-random Model. 6.2.3. The 
Ferromagnetic Random Bond Potts Model. 6.2.4. High Temperature Development. 6.2.5. Limit of an Infinite 
Number of States. 6.3. Basics on the Minimization of Submodular Functions. 6.3.1 Definition of Submodular 
Functions. 6.3.2. A Simple Characterization. 6.3.3. Examples. 6.3.4. Minimization of Submodular Function. 6.4. 
Free Energy of the Potts Model in the Infinite q-Limit. 6.4.1. The Method. 6.4.2. The Auxiliary Problem. 6.4.3. 
The Max-flow Problem: the Goldberg and Tarjan Algorithm. 6.4.4. About the Structure of the Optimal Sets. 6.5. 
Implementation a d Evaluation. 6.5.1. Implementation. 6.5.2. Example of Application. 6.5.3. Evaluation of the 
CPU Time. 6.5.4. Memory Requirements. 6.5.5. Various Possible Improvements. 6.6. Conclusion. References. 
Part II. Phase Transitions in Combinatorial Optimization Problems. 
7. The Random 3-satisfiability Problem: From the Phase Transition to the Efficient Generation of Hard, but 
Satisfiable Problem Instances. (M. Weigt). 7.1. Introduction. 7.2. Random 3-SAT and the SAT/UNSAT 
Transition. 7.2.1. Numerical Results. 7.2.2. Using Statistical Mechanics. 7.3. Satisfiable Random 3-SAT 
Instances. 7.3.1. The Naive Generator. 7.3.2. Unbiased Generators. 7.4. Conclusion. References. 
8. Analysis of Backtracking Procedures for Random Decision Problems. (S. Cocco, L. Ein-Dor, and R. Monaeson). 
8.1. Introduction. 8.2. Phase Diagram, Search Trajectories and the Easy SAT Phase. 8.2.1. Overview of Concepts 
Useful to DPLL Analysis. 8.2.2. Clause Populations: Flows, Averages and Fluctuations. 8.2.3. Average-case 
Analysis in the Absence of Backtracking. 8.2.4. Occurrence of Contradictions and Polynomial SAT Phase. 8.3. 
Analysis of the Search Tree Growth in the UNSAT Phase. 8.3.1. Numerical Experiments. 8.3.2. Parallel 
Growth Process and Markovian Evolution Martrix. 8.3.3. Generating Function and Large-size Scaling. 8.3.4. 
Interpretation i  Terms of Growth Process. 8.4. Hard SAT Phase: Average Case and Fluctuations. 8.4.1. Mixed 
Branch and Tree Trajectories. 8.4.2. Distribution of Running Times. 8.4.3. Large Deviation Analysis of the 
First Branch in the Tree. 8.5. The Random Graph coloring Problem. 8.5.1. Description of DPLL Algorithm for 
Coloring. 8.5.2. Coloring in the Absence of Backtracking. 8.5.3. Coloring in the Presence of Massive Backtracking. 
8.6. Conclusions. References. 
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9. New Iterative Algorithms for Hard Combinatorial Problems. (R. Zecchina). 9.1. Introduction. 9.2. Combi- 
natorial Decision Problems, K-SAT and the Factor Graph Representation. 9 2.1. Random K-SAT. 9.3. Growth 
Process Algorithm: Probabilities, Messages and Their Statistics. 9.4. Traditional Message-passing Algorithm: 
Belief Propagation as Simple Cavity Equations. 9.5. Survey Propagation Equations, 9.6. Decimating Variables 
According to Their Statistical Bias. 9.7. Conclusions and Perspectives. References. 
Part III. New Heuristics and Interdisciplinary Applications. 
10. Hysteretic Opetimization. (K.F. P£1). 10.1. Hysteretic Optimization for Ising Spin Glasses. 10.2. General- 
ization to Other Optimization Problems. 10.3. Application to the Traveling Salesman Problem. 10.4. Outlook. 
References. 
11. Extremal Optimization. (S. Boettcher). 11.1. Emerging Optimality. 11.2. Extremal Optimization. 11.2.1. 
Basic Notions. 11.2.2. EO Algorithm. 11.2.3. Extremal Selection. 11.2.4. Rank Ordering. 11.2.5. Defining 
Fitness. 11.2.6. Distinguishing EO from other Heuristics. 11.2.7. Implementing EO. 11,3. Numerical Results for 
EO. 11.3.1. Early Results. 11.3.2. Applications of EO by Others. 11.3.3. Large-scale Simulations of Spin Glasses. 
11.4. Theoretical Investigations. References. 
12. Sequence Alignments. (A.K. Hartmann). 12.1. Molecular Biology. 12.2. Alignments and Alignment Algo- 
rithms. 12.3. Low-probability Tail of Alignment Scores. References. 
13 Protein Folding in Silico - the Quest for Better Algorithms. (U.H.E. Hansmann). 13.1. Introduction. 13.2. 
Energy Landscape Paving. 13.3. Beyond Global Optimization. 13.3.1. Parallel Tempering. 13.3.2. Multicanonieal 
Sampling and Other Generalized-ensemble Techniques. 13.4. Results. 13.4.1. Helix Formation and Folding. 13.4.2. 
Structure Predictions of Small Proteins. 13.5. Conclusion. References. Index. 
Loqic in Computer Sciencej Modellinq and Reasoninq about Systems. Second Edition. Michael Huth and Mark 
Ryan. Cambridge University Press. New York, NY. 2004. 427 pages. $55.00. 
Contents. 
Foreword to the first edition. Preface to the second edition. Acknowledgements. 1. Propositional logic. 1.1 
Declarative sentences. 1.2 Natural deduction. 1.2.1 Rules for natural deduction. 1.2.2 Derived rules. 1.2.3 Natural 
deduction in summary. 1.2.4 Provable quivalence. 1.2.5 An aside: proof by contradiction. 1.3 Propositional logic 
as a formal language. 1.4 Semantics of propositional logic. 1.4.1 The meaning of logical connectives. 1.4.2 
Mathematical induction. 1.4.3 Soundness of propositional logic. 1.4.4 Completeness of propositional logic. 1.5 
Normal forms. 1.5.1 Semantic equivalence, satisfiability and validity. 1.5.2 Conjunctive normal forms and validity. 
1.5.3 Horn clauses and satisfiability. 1.6 SAT solvers. 1.6.1 A linear solver. 1.6.2 A cubic solver. 1.7 Exercises. 
1.8 Bibliographic notes. 2. Predicate logic. 2.1 The need for a richer language. 2.2 Predicate logic as a formal 
language. 2.2.1 Terms. 2.2.2 Formulas. 2.2.3 Free and bound variables. 2.2.4 Substitution. 2.3 Proof theory of 
predicate logic. 2.3.1 Natural deduction rules. 2.3.2 Quantifier equivalences. 2.4 Semantics of predicate logic. 
2.4.1 Models. 2.4.2 Semantic entailment. 2.4.3 The semantics of equality. 2.5 Undecidability of predicate logic. 
2.6 Expressiveness of predicate logic. 2.6.1 Existential second-order logic. 2.6.2 Universal second-order logic. 
2.7 Micromodels of software. 2.7.1 State machines. 2.7.2 Alma - re-visited. 2.7.3 A software micromodel. 2.8 
Exercises. 2.9 Bibliographic notes. 3. Verification by model checking. 3.1 Motivation for verification. 3.2 Linear- 
time temporal logic. 3.2.1 Syntax of LTL. 3.2.2 Semantics of LTL. 3.2.3 Practical patterns of specifications. 3.2.4 
Important equivalences between LTL formulas. 3.2.5 Adequate sets of connectives for LTL. 3.3 Model checking: 
systems, tools, properties. 3.3.1 Example: mutual exclusion. 3.3.2 The NuSMV model checker. 3.3.3 Running 
NuSMV. 3.3.4 Mutual exclusion revisited. 3.3.5 The ferryman. 3.3.6 The alternating bit protocol. 3.4 Branching- 
time logic. 3.4.1 Syntax of CTL. 3.4.2 Semantics of CTL. 3.4.3 Practical patterns of specifications. 3.4.4 Important 
equivalences between CTL formulas. 3.4.5 Adequate sets of CTL connectives. 3.5 CTL* and the expressive powers 
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9.3,2 Guidelines for Cutoff Functions. 9.3.3 General Cutoff Formulations. 9.3.4 Potential Switch. 9.3.5 Force 
Switch. 9.3.6 Shift Functions. 9.4 Ewald Method. 9.4.1 Periodic Boundary Conditions. 9.4.2 Ewald Sum and 
Crystallography. 9 4.3 Morphing A Conditionally Convergent Sum. 9.4.4 Finite- Dielectric Corection. 9.4.5 Ewald 
Sum Complexity. 9.4.6 Resulting Ewald Summation. 9.4.7 Practical Implementation. 9.5 Multipole Method. 
9.5.1 Basic Hierarchical Strategy. 9.5.2 Historical Perspective. 9.5.3 Expansion in Spherical Coordinates. 9.5.4 
Biomolecular Implementations. 9 5.5 Other Variants. 9.6 Continuum Solvation. 9.6.1 Need for Simplification! 
9.6.2 Potential of Mean Force. 9.6.3 Stochastic Dynamics 9.6.4 Continuum Electrostatics. 
10. Multivariate Minimization in Computational Chemistry. 10.1 Optimization Applications. 10.1.1 Algorithmic 
Understanding Needed. 10.1.2 Chapter Overview. 10.2 Fundamentals. 10.2.1 Problem Formulation. 10.2.2 
Independent Variables. 10.2.3 Function Characteristics. 10.2.4 Local and Global Minima. 10.2.5 Derivatives. 
10.2.6 Hessian Matrix. 10.3 Basic Algorithms. 10.3.1 Greedy Descent. 10.3.2 Line Searches. 10.3.3 Trust Region 
Methods. 10.3.4 Convergence Criteria. 10.4 Newton's Method, 10,4.1 Newton in One Dimension. 10.4,2 Newton's 
Method for Minimization. 10.4.3 Multivariate Newton. 10.5 Large-Scale methods. 10.5.1 Quasi- Newton (QN). 
10.5.2 Conjugate Gradient (CG). 10.5.3 Truncated-Newton (TN). 10.5.4 Simple Example. 10.6 Software. 10.6.1 
Popular Newton and CG. 10.6.2 CHARMM's ABNR. 10.6.3 CHARMM's TN. 10.6.4 Comparative Performances 
on Molecular Systems. 10.7 Recommendations. 10.8 Future Outlook. 
11. Monte Carlo Techniques. 11,1 Monte Carlo Popularity. 11.1.1 A Winning Combination, 11.1.2 From Nee- 
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dles to Bombs. 11.1.3 Chapter Overview. 11,1.4 Importance of Error Bars.11.2 Random Number Generators. 
11.2.1 What is Random? 11.2.2 Properties of Generators? 11.2.3 Linear Congruential Generators. 11.2.4 Other 
Generators. 11.2.5 Artifacts. 11.2.6 Recommendations. 11.3 Gaussian Random Variates. 11.3.1 Manipulation 
of Uniform Random Variables. 11.3.2 Normal Variates in Molecular Simulations. 11.3.3 Odeh/Evans. 11.3.4 
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12. Molecular Dynamics: Basics. 12.1 Introduction. 12.I.1 Why Molecular Dynamics? 12.1.2 Background. 
12.1.3 Outline of MD Chapters. 12.2 Laplace's Vision. 12.2.1 The Dream 12.2.2 Deterministic Mechanics. 12.2.3 
Neglect of Electronic Motion. 12.2.4 Critical Frequencies. 12.2.5 Electron/Nuclear T eatment. 12.3 Basics. 12.3.1 
Following Motion. 12.3.2 Trajectory Quality. 12.3.3 Initial System Settings. 12.3.4 Trajectory Sensitivity. 12.3.5 
Simulation Protocol. 12.3.6 High-Speed Implementations. 12.3.7 Analysis and Visualization. 12.3.8 Reliable 
Numerical Integration. 12.3.9 Computational Complexity. 12.4 Verlet Algorithm. 12.4.1 Position and Velocity 
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Ensembles. 12.6.1 Ensemble Types. 12.6.2 Simple Algorithms. 12.6.3 Extended System Methods. 
13. Molecular Dynamics: Further Topics. 13.1 Introduction. 13.2 Symplectic Integrators. 13.2.1 Sympleco 
tic Transformation. 13.2.2 Harmonic Oscillator Example. 13.2.3 Linear Stability. 13.2.4 Timestep-Dependent 
Rotation in Phase Space. 13.2.5 Resonance Condition for Periodic Motion. 13.2.6 Resonance Artifacts. 13.3 
Multiple-Timestep (MTS) Methods. 13.3.1 Basic Idea. 13.3.2 Extrapolation. 13.3.3 Impulses. 13.3.4 Resonances 
in Impulse Splitting. 13.3.5 Resonance Artifacts in MTS. 13.3.6 Resonance Consequences. 13.4 Langevin Dynam- 
ics. 13.4.1 Uses. 13.4.2 Heat Bath. 13.4,3 Effect of ~. 13.4.4 Generalized Verlet for Langevin Dynamics. 13.4.5 
LN Method. 13.5 Brownian Dynamics (BD). 13.5.1 Brownian Motion. 13.5.2 Brownian Framework. 13.5.3 Gen- 
eral Propagation Framework. 13.5.4 Hydrodynamics. 13.5.5 BD Propagation. 13.6 Implicit Integration. 13.6.1 
Implicit vs. Explicit Euler. 13.6.2 Intrinsic Damping. 13.6.3 Computational Time. 13.6.4 Resonance Artifacts. 
13.7 Future Outlook. 13.7.1 Integration Ingenuity. 13.7.2 Current Challenges. 
14. Similarity and Diversity in Chemical Design. 14.1 Introduction to Drug Design. 14.1.1 Chemical Libraries. 
14.1.2 Early Days. 14.1.3 Rational Drug Design. 14.1.4 Automated Technology. 14.1.5 Chapter Overview. 14.2 
Database Problems. 14.2.1 Database Analysis. 14.2.2 Similarity and Diversity Sampling. 14.2.3 Bioactivity. 14.3 
General Problem Definitions. 14.3.1 The Dataset. 14.3.2 The Compound Descriptors. 14.3.3 Biological Activity. 
14.3.4 The Target Function. 14,3.5 Scaling Descriptors. 14.3.6 The Similarity and Diversity Problems. 14.4 Data 
Compression and Cluster Analysis. 14.4.1 PCA compression. 14.4.2 SVD compression. 14.4.3 PCA and SVD. 
14.4.4 Projection Application. 14.4.5 Example. 14.5 Future Perspectives. 
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Applied Partial Differential Equations with Fourier Series and Boundary. Value Problems. Fourth Edition. Ri- 
chard Haberman. Pearson/Prentice Hall. Upper Saddle River, NJ. 2004. 769 pages. $100.00. 
Contents: 
Preface. 1. Heat Equation. 1.1. Introduction. 1.2 Derivation of the Conduction of Heat in a One-Dimensional 
Rod. 1.3 Boundary Conditions. 1.4 Equilibrium Temperature Distribution. 1.4.1 Prescribed Temperature. 1.4.2 
Insulated Boundaries. 1.5 Derivation of the Heat Equation in Two or Three Dimensions. 
2. Method of Separation of Variables. 2.1 Introduction. 2.2 Linearity. 2.3 Heat Equation with Zero Temperatures 
at Finite Ends. 2.3.1 Introduction. 2.3.2 Separation of Variables. 2.3.3 Time-Dependent Equation. 2.3.4 Boundary 
Value Problem. 2.3.5 Product Solutions and the Principle of Superposition. 2.3.6 Orthogonality of Sines. 2.3.7 
Formulation, Solution, and Interpretation of an Example. 2.3.8 Summary. 2.4 Worked Examples with the Heat 
Equation: Other Boundary Value Problems. 2.4.1 Heat Conduction in a Rod with Insulated Ends. 2.4.2 Heat 
Conduction in a Thin Circular Ring. 2.4.3 Summary of Boundary Value Problems. 2.5 Laplace's Equation: 
Solutions and Qualitative Properties. 2.5.1 Laplace's Equation Inside a Rectangle. 2.5.2 Laplace's Equation for a 
Circular Disk. 2,5.3 Fluid Flow Past a Circular Cylinder (Lift). 2.5.4 Qualitative Properties of Laplace's Equation. 
3. Fourier Series. 3.1 Introduction. 3.2 Statement of Convergence Theorem. 3.3. Fourier Cosine and Sine Series. 
3.3.1 Fourier Sine Series. 3.3.2 Fourier Cosine Series. 3.3.3 Representing f (x) by Both a Sine and Cosine Series. 
3.3.4 Even and Odd Parts. 3.3.5 Continuous Fourier Series. 3.4 Term-by-Term Differentiation of Fourier Series. 
3.5 Term-by-Term Integration of Fourier Series. 3.6 Complex Form of Fourier Series. 
4. Wave Equation: Vibrating String and Membranes. 4.1 Introduction. 4.2 Derivation of a Vertically Vibrating 
String. 4.3 Boundary Conditions. 4.4 Vibrating String with Fixed Ends. 4.5 Vibrating Membrane. 4.6 Reflection 
and Refraction of Electromagnectic (Light) and Acoustic (Sound) Waves. 4.6.1 Shell's Law of Refraction. 4.6.2 
Intensity (Amplitude) of Reflected and Refracted Waves. 4.6.3 Total Internal Reflection. 
5. Sturm-Liouville Eigenvalue Problems. 5.1 Introduction. 5.2 Examples. 5.2.1 Heat Flow in a Nonuniform Rod. 
5.2.2 Circularly Symmetric Heat Flow. 5.3 Sturm-Liouville Eigenvalue Problems. 5.3.1 General Classification. 
5.3.2 Regular Sturm-Liouville Eigenvalue Problem. 5.3.3 Example and Illustration of Theorems. 5.4 Worked 
Example: Heat Flow in a Nonuniform Rod without Sources. 5.5 Self-Adjoint Operators and Sturm-Liouville 
Eigenvalue Problems. 5.6 Rayleigh Quotient. 5.7 Worked Example: Vibrations of a Nonuniform String. 5.8 
Boundary Conditions of the Third Kind. 5.9 Large Eigenvalues (Asymptotic Behavior). 5.10 Approximation 
Properties. 
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6. Finite Difference Numerical Methods for Partial Differential Equations. 6.1 Introduction, 6.2 Finite Differences 
and Truncated Taylor Series. 6.3 Heat Equation. 6.3.1 Introduction. 6.3.2 A Partial Difference Equation. 6.3,3 
Computations. 6 3.4 Fourier-von Neumann Stability Analysis. 6.3.5 Separation of Variables for Partial Difference 
Equations and Analytic Solutions of Ordinary Difference Equations. 6.3.6 Matrix Notation. 6.3.7 Nonhomogeneous 
Problems. 6.3.8 Other Numerical Schemes, 6.3.9 Other Types of Boundary Conditions. 6.4 Two- Dimensional 
Heat Equation. 6.5 Wave Equation. 6.6 Laplace's Equation. 6.7 Finite Element Method, 6.7.1 Approximation 
with Nonorthogonal Functions (Weak Form of the Partial Differential Equation). 6.7.2 The Simplest Triangular 
Finite Elements. 
7. Higher Dimensional Partial Differential Equations. 7.1 Introduction. 7.2 Separation of the Time Variable. 7.2.1 
Vibrating Membrane: Any Shape. 7.2.2 Heat Conduction: Any Region. 7.2.3 Summary. 7.3 Vibrating Rectangular 
Membrane. 7.4 Statements and Illustrations of Theorems for the Eigenvalue Problem V2¢ + A¢ ---- 0. 7,5 Green's 
Formula, Self-Adjoint Operators and Multidimensional Eigenvalue Problems. 7.6 Rayleigh Quotient and Laplace's 
Equation. 7,6.1 Rayleigh Quotient. 7.6.2 Time- Dependent Heat Equation and Laplace's Equation. 7.7 Vibrating 
Circular Membrane and Bessel Functions. 7.7.1 Introduction. 7,7.2 Separation of Variables. 7.7.3 Eigenvalue 
Problems (One Dimensional). 7.7.4 Bessel's Differential Equation. 7.7.5 Singular Points and Bessel's Differential 
Equation. 7.7.6 Bessel Functions and Their Asymptotic Properties (near z -~ 0). 7.7.7 Eigenvalue Problem 
Involving Bessel Functions. 7.7.8 Initial Value Problem for a Vibrating Circular Membrane. 7.7.9 Circularly 
Symmetric Case. 7.8 More on Bessel Functions. 7.8.1 Qualitative Properties of Bessel Functions. 7.8.2 Asymptotic 
Formulas for the Eigenvalues, 7.8.3 Zeros of Bessel Fhnctions and Nodal Curves. 7.8.4 Series Representation f 
Bessel Functions. 7.9 Laplace's Equation in a Circular Cylinder. 7.9.1 Introduction. 7.9.2 Separation of Variables. 
7.9.3 Zero Temperature on the Lateral Sides and on the Bottom or Top. 7.9.4 Zero Temperature on the Top and 
Bottom. 7.9.5 Modified Bessel Functions. 7.10 Spherical Problems and Legendre Polynomials. 7.10.1 Introduction. 
7.10.2 Separation of Variables and One- Dimensional Eigenvalue Problems. 7.10.3 Associated Legendre Functions 
and Legendre Polynomials. 7.10.4 Radial Eigenvalue Problems. 7.10.5 Product Solutions, Modes of Vibration, 
and the Initial Value Problem. 7.10.6 Laplace's Equation Inside a Spherical Cavity. 
8. Nonhomogeneous Problems. 8.1 Introduction. 8.2 Heat Flow with Sources and Nonhomogeneous Boundary 
Conditions. 8.3 Method of Eigenfunction Expansion with Homogeneous Boundary Conditions (Differentiating 
Series of Eigenfunctions). 8.4 Method of Eigenfunction Expansion Using Green's Formula (With or Without 
Homogeneous Boundary Conditions). 8.5 Forced Vibrating Membranes and Resonance. 8.6 Poisson's Equation. 
9. Green's Functions for Time-Independent Problems. 9.1 Introduction. 9.2 One-Dimensional Heat Equation. 
9.3 Green's Functions for Boundary Value Problems for Ordinary Differential Equations, 9.3.1 One-Dimensional 
Steady- State Heat Equation. 9.3.2 The Method of Variation of Parameters. 9.3.3 The Method of Eigenfunction 
Expansion for Green's Functions. 9.3.4 The Dirac Delta Function and Its Relationship to Green's Functions. 9.3.5 
Nonhomogeneous Boundary Conditions. 9.3.6 Summary. 9.4 Fredholm Alternatives and Generalized Green's 
Functions. 9.4.1 Introduction. 9.4,2 Fredholm Alternatives. 9.4.3 Generalized Green's Functions. 9.5 Green's 
Functions for Poisson's Equation. 9.5.1 Introduction. 9.5.2 Multidimensional Dirac Delta Function and Green's 
Functions. 9.5.3 Green's Functions by the Method of Eigenfunction Expansion and the Fredholm Alternative. 
9.5.4 Direct Solution of Green's Fucntions (One-Dimensional Eigenfunctions). 9 5.5 Using Green's Functions for 
Problems with Nonhomogeneous Boundary Conditions. 9.5.6 Infinite Space Green's Functions, 9.5,7 Green's 
Functions for Bounded Domains Using Infinite Space Green's Functions, 9.5.8 Green's Functions for a Semi- 
Infinite Plane (y ~ 0) Using Infinite Space Green's Functions: The Method of Images. 9.5.9 Green's Functions 
for a Circle: The Method of Images. 9.6 Perturbed Eigenvalue Problems. 9.6.1 Introduction. 9.6.2 Mathematical 
Example. 9.6.3 Vibrating Nearly Circular Membrane. 9.7 Summary. 
10. Infinite Domain Problems: Fourier Transform Solutions of Partial Differential Equations. 10.1 Introduction. 
10.2 Heat Equation on an Infinite Domain. 10.3 Fourier Transform Pair. 10.3.1 Motivation from Fourier Series 
Identity. 10.3.2 Fourier Transform. 10.3.3 Inverse Fourier Transform of a Gaussian. 10.4 Fourier Transform and the 
Heat Equation. 10.4.1 Heat Equation. 10,4.2 Fourier Transforming the Heat Equation: Transforms of Derivatives. 
10.4.3 Convolution Theorem, 10.4.4 Summary of Properties of the Fourier Transform. 10.5 Fourier Sine and 
Cosine Transforms: The Heat Equation on Simi-Infinite Intervals. 10.5.1 Introduction. 10.5.2 Heat Equation on 
a Semi-Infinite Interval I. 10.5.3 Fourier Sine and Cosine Transforms. 10.5.4 Transforms of Derivatives. 10.5.5 
Heat Equation on a Semi-Infinite Interval II. 10.5.6 Tables of Fourier Sine and Cosine Transforms. 10.6 Worked 
Examples Using Transforms. 10.6.1 One-Dimensional Wave Equation on an Infinite Interval. 10.6.2 Laplace's 
Equation in a Semi-Infinite Strip. 10.6.3 Laplace's Equation in a Half-Plane. 10.6.4 Laplace's Equation in a 
Quarter-Plane. 10.6.5 Heat Equation in a Plane (Two-Dimensional Fourier Transforms), 10.6.6 Table of Double- 
Fourier Transforms. 10.7 Scattering and Inverse Scattering. 
11. Green's Functions for Wave and Heat Equations. 11.1 Introduction. 11.2 Green's Functions for the Wave 
Equation. 11.2.1 Introduction. 11.2.2 Green's Formula. 11.2.3 Reciprocity. 11.2.4 Using the Green's Function. 
11.2.5 Green's Function for the Wave Equation. 11.2,6 Alternate Differential Equation for the Green's Function. 
11.2.7 Infinite Space Green's Function for the One-Dimensional Wave Equation and d'Alembert's Solution. 11.2.8 
Infinite Space Green's Function for the Three-Dimensional Wave Equation (Huygens' Principle). 11.2.9 Two- 
Dimensional Infinite Space Green's Function. 11.2.10 Summary. 11.3 Green's Functions for the Heat Equation. 
11.3.1 Introduction. 11.3.2 Non-Self-Adjoint Nature of the Heat Equation. 11.3.3 Green's Formula. 11.3.4 Adjoint 
Green's Function. 11.3.5 Reciprocity. 11.3.6 Representation f the Solution Using Green's Functions. 11.3.7 
Alternate Differential Equation for the Green's Function. 11.3.8 Infinite Space Green's Function for the Diffusion 
Equation. 11.3.9 Green's Function for the Heat Equation (Semi-Infinite Domain). 11.3.10 Green's Function for 
the Heat Equation (on a Finite Region). 
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12. The Method of Characteristics for Linear and Quasilinear Wave Equations. 12.1 Introduction. 12.2 Charac- 
teristics for First-Order Wave Equations. 12.2.1 Introduction. 12.2.2 Method of Characteristics for First-Order 
Partial Differential Equations. 12.3 Method of Characteristics for the One-Dimensional Wave Equation. 12.3.1 
General Solution. 12.3.2 Initial Value Problem (Infinite Domain). 12.3.3 D'alembert's Solution. 12.4 Semi-Infinite 
Strings and Reflections. 12.5 Method of Characteristics for a Vibrating String of Fixed Length. 12.6 The Method 
of Characteristics for Quasilinear Partial Differential Equations. 12.6.1 Method of Characteristics. 12.6.2 Traf- 
fic Flow. 12.6.3 Method of Characteristics (Q = 0). 12.6.4 Shock Waves. 12.6.5 Quasilinear Example. 12.7 
First-Order Nonlinear Partial Differential Equations. 12.7.1 Eikonal Equation Derived from the Wave Equation. 
12.7.2 Solving the Eikonal Equation in Uniform Media and Reflected Waves. 12.7.3 First-Order Nonlinear Partial 
Differential Equations. 
13. Laplace Transform Solution of Partial Differential Equations. 13.1 Introduction. 13.2 Properties of the Laplace 
Transform. 13.2.1 Introduction. 13.2.2 Singularities of the Laplace Transform. 13.2.3 Transforms of Derivatives. 
13.2.4 Convolution Theorem. 13.3 Green's Functions for Initial Value Problems for Ordinary Differential Equa- 
tions. 13.4 A Signal Problem for the Wave Equation. 13.5 A Signal Problem for a Vibrating String of Finite 
Length. 13.6 The Wave Equation of its Green's Function. 13.7 Inversion of Laplace Transforms Using Con- 
tour Integrals in the Complex Plane. 13.8 Solving the Wave Equation Using Laplace Transforms (with Complex 
Variables). 
14. Dispersive Waves: Slow Variations, Stability, Nonlinearity, and Perturbation Methods. 14.1 Introduction. 
14.2 Dispersive Waves and Group Velocity. 14.2.1 Traveling Waves and the Dispersion Relation. 14.2.2 Group 
Velocity I. 14.3 Wave Guides. 14.3.1 Response to Concentrated Periodic Sources with Frequency wf. 14.3.2 Green's 
Function If Mode Propagates. 14.3.3 Green's Function If Mode Does Not Propagate. 14.3.4 Design Considerations. 
14.4 Fiber Optics. 14.5 Group Velocity II and the Method of Stationary Phase. 14.5.1 Method of Stationary 
Phase. 14.5.2 Application to Linear Dispersive Waves. 14.6 Slowly Varying Dispersive Waves (Group Velocity 
and Caustics). 14.6.1 Approximate Solutions of Dispersive Partial Differential Equations. 14.6.2 Formation of 
a Caustic. 14.7 Wave Envelope Equations (Concentrated Wave Number). 14.7.1 SchrSdinger Equation. 14.7.2 
Linearized Korteweg-de Vries Equation. 14.7.3 Nonlinear Dispersive Waves: Korteweg-de Vries Equation. 14.7.4 
Solitons and Inverse Scattering. 14.7.5 Nonlinear SchrSdinger Equation. 14.8 Stability and Instability. 14.8.1 Brief 
Ordinary Differential Equations and Bifurcation Theory. 14.8.2 Elementary Example of a Stable Equilibrium for 
a Partial Differential Equation. 14.8.3 Typical Unstable Equilibrium for a Partial Differential Equation and 
Pattern Formation. 14.8.4 Ill posed Problems. 14.8.5 Slightly Unstable Dispersive Waves and the Linearized 
Complex Ginzburg-Landau Equation. 14.8.6 Nonlinear Complex Ginzburg-Landau Equation. 14.8.7 Long Wave 
Instabilities. 14.8.8 Pattern Formation for Reaction-Diffusion Equations and the Turing Instability. 14.9 Singular 
Perturbation Methods: Multiple Scales. 14.9.1 Ordinary Differential Equation: Weakly Nonlinearly Damped 
Oscillator. 14.9.2 Ordinary Differential Equation: Slowly Varying Oscillator. 14.9.3 Slightly Unstable Partial 
Differential Equation on Fixed Spatial Domain. 14.9.4 Slowly Varying Medium for the Wave Equation. 14.9.5 
Slowly Varying Linear Dispersive Waves (Including Weak Nonlinear Effects). 14.10 Singular Perturbation Methods: 
Boundary Layers Method of Matched Asymptotic Expansions. 14.10.1 Boundary Layer in an Ordinary Differential 
Equation. 14.10.2 Diffusion of a Pollutant Dominated by Convection. Bibliography. Answers to Starred Exercises. 
Index. 
Cambridqe Series in Statistical and Probabilistic Mathematics, Exercise in Probability, A Guided Tour from 
Measure Theory to Random Processes, via Conditioninq. Lo'fc Chaumont and Marc Yor. Cambridge University 
Press. New York, NY. 2003. 236 pages. $50.00. 
Contents: Preface. Some frequently used notations. 
1. Measure theory and probability. 1.1 Sets which do not belong in a strong sense, to a a-field. 1.2 Some 
criteria for uniform integrability. 1.3 When does weak convergence imply the convergence of expectations? 1.4 
Conditional expectation and the Monotone Class Theorem. 1.5 Lp-convergence of conditional expectations. 1 6 
Measure preserving transformations. 1.7 Erodic transformations. 1 8 Invariant a-fields. 1.9 Extremal solutions 
of (general) moments problems. 1.10 The log normal distribution is moments indeterminate. 1.11 Conditional 
expectations and equality in law. 1.12 Simplifiable random variables. 1.13 Mellin transform and simplification. 
Solutions for Chapter 1. 
2. Independence and conditioning. 2.1 Independence does not imply measurability with respect to an independent 
complement. 2 2 Complement to Exercise 2.1: further statements of independence v rsus measurability. 2 3 Inde- 
pendence and mutual absolute continuity. 2.4 Size-biased sampling and conditional laws. 2.5 Think twice before 
exchanging the order of taking the supremum and intersection of a-fields! 2.6 Exchangeability and conditional 
independence: de Finetti's theorem. 2.7 Too much independence implies constancy. 2.8 A double paradoxical 
inequality. 2.9 Euler's formula for primes and probability. 2.10 The probability, for integers, of being relatively 
prime. 2.11 Bernoulli random walks considered at some stopping time. 2.12 cosh, sinh, the Fourier transform and 
conditional independence. 2.13 cosh, sinh, and the Laplace transform. 2.14 Conditioning and changes of probabil- 
ities. 2.15 Radon-Nikodym density and the Acceptance-Rejection Method of yon Neumann. 2.16 Negligible sets 
and conditioning. 2.17 Gamma laws and conditioning. 2.18 Random variables with independent fractional and 
integer parts. Solutions for Chapter 2. 
3. Caussian variables. 3.1 Constructing Gaussian variables from, but not belonging to, a Gaussian space. 3.2 
A complement to Exercise 3.1. 3.3 On the negative moments of norms of Gaussian vectors. 3.4 Quadratic 
functionals of Gaussian vectors and continued fractions. 3.5 Orthogonal but non-independent Caussian variables. 
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3.6 Isotropy property of multidimensional Gaussian laws. 3.7 The Gaussian distribution and matrix transposition. 
3.8 A law whose n-samples are preserved by every orthogonal transformation is Gaussian. 3.9 Non-canonical 
representation f Gaussian random walks. 3.10 Concentration i equality for Gaussian vectors. 3.11 Determining 
a jointly Gaussian distribution from its conditional marginals. Solutions for Chapter 3. 
4. Distributional computations. 4 1 Hermite polynomials and Gaussian variables. 4.2 The beta-gamma algebra 
and Poincar~'s Lemma. 4.3 An identity in law between reciprocals of gamma variables. 4.4 The Gamma process 
and its associated Dirichlet processes. 4.5 Gamma Variables and Gauss multiplication formulae. 4.6 The beta- 
gamma lgrebra nd convergence in law. 4.7 Beta-gamma variables and changes of probability measures. 4.8 
Exponential variables and powers of Gaussian variables. 4.9 Mixtures of exponential distributions. 4.10 Some 
computations related to the lack of memory property of the exponential law. 4.11 Some identities in law between 
Gaussian and exponential variables. 4.12 Some functions which preserve the Cauchy law. 4.13 Uniform laws on the 
circle. 4.14 Trigonometric formulae and probability. 4.15 A multidimensional version of the Cauchy distribution. 
4.16 Some properties of the Gauss transform. 4.17 Unilateral stable distributions (1). 4.18 Unilateral stable 
distributions (2). 4.19 Unilateral stable distributions (3). 4.20 A probabilistic translation of Selberg's integral 
formulae. 4.21 Mellin and Stieltjes transforms of stable variables. 4.22 Solving certain moment problems via 
simplification. Solutions for Chapter 4. 
5. Convergence of random variables. 5.1 Convergence of sum of squares of independent Gaussian variables. 
5.2 Convergence for moments and convergence in law. 5.3 Borel test functions and convergence in law. 5.4 
Convergence in law of the normalized maximum of Cauchy variables. 5.5 Large deviations for the maximum of 
Caussian vectors. 5.6 A logarithmic normalization. 5.7 A ~ normalization. 5.8 The Central Limit Theorem 
involves convergence in law, not in probability. 5.9 Changes of probabilities and the Central Limit Theorem. 5.10 
Convergence in law of stable (p) variables, as /z -%--* 0. 5.11 Finite dimensional convergence in law towards 
Brownian motion. 5.12 The empirical process and the Brownian bridge. 5.13 The Poisson process and Brownian 
motion. 5.14 Brownian bridges converging in law to Brewnian motions. 5.15 An almost sure convergence r sult 
for sums of stable random variables. Solutions for Chapter 5. 
6. Random processes. 6.1 Solving a particular SDE. 6.2 The range process of Brownian motion. 6.3 Symmetric 
Levy processes reflected at their minimum and maximum; E. Cs£ki's formulae for the ratio of Brownian extremes. 
6.4 A toy example for Westwater's renormalization. 6 5 Some asymptotic laws of planar Brownian motion. 6.6 
Windings of the three- dimensional Brownian motion around a line. 6.7 Cyclic exchangeability property and 
uniform law related to the Brownian bridge. 6.8 Local time and hitting time distributions for the Brownian bridge. 
6.9 Partial absolute continuity of the Brownian bridge distribution with respect o the Brownian distribution. 
6.10 A Brownian interpretation f the duplication formula for the gamma function. 6.11 Some deterministic time- 
changes of Brownian motion. 6.12 Random scaling of the Brownian bridge. 6.13 Time-inversion and quadratic 
functionals of Brownian motion; L@vy's stochastic area formula. 6.14 Quadratic variation and local time of 
semimartingales. 6.15 Geometric Brownian motion. 6.16 0-self similar processes and conditional expectation. 
6.17 A Taylor formula for semimartingales; Markov martingales and iterated infinitesimal generators. 6.18 A 
remark of D.Williams: the optional stopping theorem may hold for certain "non-stopping times". 6.19 Stochastic 
affine processes, also known as "Harnesses". 6.20 A martingale "in the mean over time" is a martingale. 6.21 A 
reinforcement of Exercise 6.20. Solutions for Chapter 6. Where is the notion N discussed? Final suggestions: how 
to go further? 
References. Index. 
Chaos and Fractals, New Frontiers of Science, Second Edition. Heinz-Otto Peitgen, Hartmut Jiirgens and Diet- 
mar Saupe. Springer-Verlag. New York, NY. 2004. 864 pages. $69.95. 
Contents: 
Forward. Introduction: Causality Principle, Deterministic Laws and Chaos. 
1. The Backbone of Practals: Feedback and the Iterator. 1,1 The Principle of Feedback. 1.2 The Multiple 
Reduction Copy Machine. 1.3 Basic Types of Feedback Processes. 1.4 The Parable of the Parabola - Or: Don't 
Trust Your Computer. 1.5 Chaos Wipes Out Every Computer. 
2. Classical Fractals and Self-Similarity. 2.1 The Cantor Set 2.2 The Sierpinski Gasket and Carpet. 2.3 The 
Pascal Triangle. 2.4 The Koch Curve. 2.5 Space- Filling Curves. 2.6 Fractals and the Problem of Dimension. 2.7 
The Universality of the Sierpinski Carpet. 2.8 Julia Sets. 2.9 Pythagorean Trees. 
3. Limits and Self-Similarity. 3.1 Similarity and Scaling. 3.2 Geometric Series and the Koch Curve. 3.3 Corner 
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Theorems) 2.9.3.5. Hyperbolic Fuctions of Double Arguments 2.9.3.6. De moivre Formula for Hyperbolic Functions 
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2.9.3.7. Hyperbolic Functions of Half-Arguments 2.9.3.8. Sum and Difference of Hyperbolic Functions 2.9.3.9. 
Relation Between Hyperbolic and Trigonometric Functions with Complex Arguments z 2.10. Area Functions 
2.10.1. Defiutions 2.10.1.1. Area Sine 2.10.1.2. Area Cosine 2.10.1.3. Area Tangent 2.10.1.4. Area Cotangent 
2.10.2. Determination of Area Functions Using Natural Logarithm 2.10.3. Relations Between Different Area 
Functions 2.10.4. Sum and Difference of Area Functions 2.10.5. Formulas for Negative Arguments 2.11. Curves 
of Order Three (Cubic Curves) 2.11.1. Semicubic Parabola 2.11.2. Witch of Agnesi 2.11.3. Cartesian Folium 
(Folium of Descartes) 2.11.4. Cissoid 2.11.5. Strophoide 2.12. Curves of Order Four (Quartics) 2.12.1. Conchoid 
of Nocomedes 2.12.2. General Conchoid 2.12.3. Pascals Limacon 2.12.4. Cardioid 2.12.5. Cassinian Curve 
2.12.6. lemniscate 2.13. Cycloids 2.13.1. Common (Standard) Cycloid 2.13.2. Prolate and Curtate Cycloids 
or Trochoids 2.13.3. Epicycloid 2.13.4. Hypocycloid and Astroid 2.13.5. Prolate and Curtate Epicycloid and 
Hypocycloid 2.14. Spirals 2.14.1. Archimedean Spiral 2.14.2. Hyperbolic Spiral 2.14.3. Logarithmic Spiral 
2.14.4. Evolvent of the Circle 2.14.5. Clothoid 2.15. Various Other Curves 2.15.1. Catenary Curve 2.15.2. 
Tt'actrix 2.16. Determination of Empirical Curves 2.16.1. Procedure 2.16.1.1. Curve-Shape Comparison 2.16.1.2. 
Rectification 2.16.1.3. Determination of Parameters 2.16.2. Useful Epirical Curves 2.16.2.1. Power Functions 
2.16.2.2. Exponential Functions 2.16.2.3. Quadratic Polynomial 2.16.2.4. Rational Linear Function 2.16.2.5. 
Square Root of a Quadratic Polynomial 2.16.2.6. General Error Curve 2.16.2.7. Curve of Order Three, Type 2 
2.16.2.8. Curve of Order Three, Type 3 2.16.2.9. Curve of Order Thre% Type 1 2.16.2.10. Product of Power 
and Exponential Functions 2.16.2.11. Exponential Sum 2.16.2.12. Numerical Example 2.17. Scales and Graph 
Paper 2.17.1. Scales 2.17.2. Graph Paper 2.17.2.1. Semilogarithmic Paper 2.17.2.2. Double logarithmic Paper 
2.17.2.3. Graph Paper with a Reciprocal Scale 2.17.2.4. Remark 2.18. Functions of Several Variables 2.18.1. 
Definition and Representation 2.18.1.1. Representation f Functions of Several Variables 2.18.1.2. Geometric 
Representation f Functions of Several Variables 2.18.2. Different Domains in the Plane 2.18.2.1. Domain of a 
Function 2.18.2.2. Two-Dimensional Domains 2.18.2.3. Three or Multidimensional Domains 2.18.2.4. Methods 
to Determine a Functions 2.18.2.5. Various Ways to Define a Function 2.18.2.6. Dependence of Functions 2.18.3. 
Limits 2.18.3.1. Definition 2.18.3.2. Exact Definition 2.18.3.3. Generalization for Several Variables 2.18.3.4. 
Iterated Limit 2.18.4. Continutiy 2.18.5. Properties of Continuous Functions 2.18.5.1. Theorem on Zeros of 
Bolanzo 2.18.5.2. Intermediate Value Theorem 2.18.5.3. Theorem About the Boundedness of a Function 2.18.5.4. 
Weierstrass Theorem (About the Existence of Maximum and Minimum) 2.19. Nomography 2.19.1. Nomograms 
2.19.2. Net Charts 2.19.3. Alignment Charts 2.19.3.1. Alignment charts with Three Straight-Line Scales Through 
a Point 2.19.3.2. Alignment Charts with Two Parallel and One Inclined Straight-Line Scales 2,19.3.3. Alignment 
Charts with two Parallel Straight Lines and a Curved Scale 2.19.4. Net Charts for More Than Three Variables 
3. Geometry 3.1. Plane Geometry 3.1.1. Basic Notation 3.1.1.1. Point, Line, Ray, Segment 3.1.1.2. Angle 3.1.1.3. 
Angle Between Two Intersecting Lines 3.1.1.4. Pairs of Angles with Intersecting Parallels 3.1.1.5. Angles Measured 
in Degrees and in Radians 3.1.2. Geometrical Definition of Circular and Hyperbolic Functions 3.1.2.1. Definition 
of Circular or Trigonometric Functions 3.1.2.2. Definitions of the Hyperbolic Functions 3.1.3. Plane Triangles 
3.1.3.1. Statements about Plane Triangles 3.1.3.2. Symmetry 3.1.4. Plane Quadrangles 3.1.4.1. Parallelogram 
3.1.4.2. Rectangle and Square 3.1.4.3. Rhombus 3.1.4.4. Trapezoid 3.1.4.5. General Quadrangle 3.1.4.6. Inscribed 
Quadrangle 3.1.4.7. Circumscribing Quadrangle 3.1.5. Polygons in the Plane 3.1.5.1. General Polygons 3.1.5.2. 
Regular Convex Polygons 3.1.5.3. Some Regular Convex Polygons 3.1.6. The Circle and Related Shapes 3.1.6.1. 
Circle 3.1.6.2. Circular Segment and Circular Sector 3.1.6.3. Annulus 3.2. Plane Trigonometry 3.2.1. Triangles 
3.2.1.1. Calculations in Right-Angled Triangles in the Plane 3.2.1.2. Calculations in General Triangles in the Plane 
3.2.2. Geodesic Applications 3.2.2.1. Geodetic Coordinates 3.2.2.2. Angles in Geodesy 3.2.2.3. Applications in 
Surveying 3.3. Stereometry 3.3.1. Lines and Planes in Space 3.3.2. Edge, Corner, Solid Angle 3.3.3. Polyeder 
or Polyhedron 3.3.4. Solids Bounded by Curved Serfaces 3.4. Spherical Trigonometry 3.4.1. Basic Concepts 
of Geometry on the Sphere 3.4.1.1. Curve, Arc, and Angle on the Sphere 3.4.1.2. Special Coordinate Systems 
3.4.1.3. Spherical Lune or Biangle 3.4.1.4. Spherical Triangle 3.4.1.5. Polar Triangle 3.4.1.6. Euler Triangles 
and Non-Euler Triangles 3.4.1.7. Trihedral Angles 3.4.2 Basic Properties of Spherical Triangles 3.4.2.1. General 
Statements 3.4,2.2. Fundamental Formulas and Applications 3.4.2.3. Further Formulas 3.4.3. Calculation of 
Spherical Triangles 3.4.3.1. Basic Problems, Accuracy, Observations 3.4.3.2. Right-Angled Spherical Triangles 
3.4.3.3. Spherical Triangles with Oblique Angles 3.4.3.4. Spherical Curves 3.5. Vector Algebra and Analytical 
Geometry 3.5.1. Vector Algebra 3.5.1.1. Definition of Vectors 3.5.1.2. Calculation Rules for Vectors 3.5.1.3. 
Coordinates of a Vector 3.5.1.4. Directional Coefficient 3.5.1.5. Scalar Product and Vector Product 3.5.1.6. 
Combination of Vector Products 3.5.1.7. Vector Equations 3.5.1.8. Covariant and Contravariant Coordinates 
of a Vector 3.5.1.9. Geometric Applications of Vector Algebra 3.5.2. Analytical Geometry of the Plane 3.5.2.1. 
Basic Concepts, Coordinate Systems in the Plane 3.5.2.2. Coordinate Transformations 3.5.2.3. Special Notation 
in the Plane 3.5.2.4. Line 3.5.2.5. Circle 3.5.2.6. Eclipse 3.5.2.7. Hyperbola 3.5.2.8. Parabola 3.5.2.9. Quadratic 
Curves(Curves of Second Order or Conic Sections) 3.5.3. Analytical Geometry of Space 3.5.3.1. Basic Concepts, 
Spatial Coordinate Systems 3.5,3.2. Transformation of Orthogonal Coordinates 3.5.3.3. Special Quantities in 
Space 3.5.3.4. Line and Plane in Space 3.5.3.5. Surfaces of Second Order, Equations in Normal Form 3.5.3.6. 
Surfaces of Second Order or Quadratic Surfaces, General Theory 3.6. Defferential Geometry 3.6.1. Plane Curves 
3.6.1.1. Ways to Define a Plane Curve 3.6.1.2. Local Elements of a Curve 3.6.1.3. Special Points of a Curve 
3.6.1.4. Asymptotes of Curves 3.6.1.5. General Discussion of a Curve Given by an Equation 3.6.1.6. Evolutes 
and Evolents 3.6.1.7. Envelope of a Family of Curves 3.6.2. Space Curves 3.6.2.1. Ways to Define a Space Curve 
3.6.2.2. Moving Trihedral 3.6.2.3. Curvature and Torsion 3.6.3. Surfaces 3.6.3.1. Ways to Define a Surface 3.6.3.2. 
Tangent Plane and Surface Normal 3.6.3.3. Line Elements of a Surface 3.6.3.4. Curvature of a Surface 3.6.3.5. 
Ruled Surfaces and Developable Surfaces 3.6.3.6. Geodesic Liens on a Surface 
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4. Linear Algebra 4.1. Matrices 4.1.1. Notion of Matrix 4.1.2. Square Matrices 4.1.3. Vectors 4.1.4. Arithmeti- 
cal Operations with Matrices 4.1.5. Rules of Calculation for Matrices 4.1.6. Vector and Matrix Norms 4.1.6.1. 
Vector Norms 4.1.6.2. Matrix Norms 4.2. Determinants 4.2.1. Definitions 4.2.2. Subdetermants 4.2.3. Rules of 
Calculation for Determinants 4.2.4. Evaluation of Dterminants 4.3. Tensors 4.3.1. Transformation of Coordinate 
Systems 4.3.2. Tensors in Cartesian Coordinates 4.3.3. Tensors with Special Properties 4.3.3.1. Tensors of Rank 
2 4.3.3.2. Invariant Tensors 4.3.4. Tensors in Curvilinear Coordinate Systems 4.3.4.1. Covariant and Contravari- 
ant Basis Vectors 4.3.4.2. Covariant and Contravariant Coordinates of Tensors of Rank 1 4.3.4.3. Covariant, 
Contravariant and Mixed Coordinates of Tensors of Rank 2 4.3.4.4. Rules of Calcualtion 4.3.5. Psuedotensors 
4.3.5.1. Symmetry with Respect o the Origin 4.3.5.2. Introduction to the Notion of Psuedotensors 4.4. Systems 
of Linear Equations 4.4.1. Linear Systems, Pivoting 4.4.1.1. Linear Systems 4.4.1.2. Pivoting 4.4.1.3. Linear 
Dependence 4.4.1.4. Calculation of the Inverse of a Matrix 4.4.2. Solution of Systems of Linear Equations 4.4.2.1. 
Definition and Solvability 4.4.2.2. Application of Pivoting 4.4.2.3. Cramer's Rule 4.4.2.4. Gauss's Algorithm 
4.4.3. Overdetermined Linear Equation Sytems 4.4.3.1. Overdetermined Linear Systems of Equations and Linear 
Mean Square Value Problems 4.4.3.2. Suggestions for Numerical Solutions of Mean Square Value Problems 4.5. 
Eigenvalue Problems for Matrices 4.5.1. General Eigenvalue Problem 4.5.2. Special Eigenvalue Problem 4.5.2.1, 
Characteristic Polynomial 4.5.2.2. Real Symmetric Matrices, Similarity Transformations 4.5.2.3. Transformation 
of Principal Axes of Quadratic Forms 4.5.2.4. Suggestions for the Numerical Calculations of Eigenvalues 4.5.3. 
Singular Value Decomposition 
5. Algebra and Discrete Mathematics 5.1. Logic 5.1.1. Propositional Calculus 5.1.2. Formulas in Predicate 
Calculus 5.2. Set Theory 5.2.1. Concept of Set, Special Sets 5.2.2. Operations with Sets 5.2.3. Relations and 
Mappings 5.2.4. Equivalence and Order Relations 5.2.5. Cardinality of Sets 5.3. Classical Algebraic Structures 
5.3.1. Operations 5.3.2. Semigroups 5.3.3. Groups 5.3.3.1. Definition and Basic Properties 5.3.3.2. Subgroups and 
Direct Products 5.3.3.3. Mappings Betweem Groups 5.3.4. Group Representations 5.3.4.1. Defintions 5.3.4.2. Par- 
ticular Representation 5.3.4.3. Direct Sum of Representations 5.3.4.4. Direct Product of Representations 5.3.4.5. 
Reducible and Irreducible Representations 5.3.4.6. Schur's Lemma 1 5.3.4.7. Clebsch-Gordan Series 5.3.4.8. Irre- 
ducible Representations of the Symmetric Group SM 5.3.5. Applications of Groups 5.3.5.1. Symmetry Operations, 
Symmetry Elements 5.3.5.2. Symmetry Groups or Point Groups 5.3.5.3. Symmetry Operations with Molecules 
5.3.5.4. Symmetry Groups in Crystallography 5.3.5.5. Symmetry Groups in Quantam Mechanics 5.3.5.6. Further 
Applications of Group Theory in Physics 5.3.6. Rings and Fields 5.3.6.1. Definitions 5.3.6.2. Subrings, Ideals 
5.3.6.3. Homomorphism, Isomorphism, Homomorphism Theorem 5.3.7. Vector Spaces 5.3.7.1. Defintion 5.3.7.2. 
Linear Dependence 5.3.7.3. Linear Mappings 5.3.7.4. Subspaces, Dimension Formula 5.3.7.5. Euclidean Vec- 
tor Spaces, Euclidean Norm 5.3.7.6. Linear Operators in Vector Spaces 5.4. Elementary Number Theory 5.4.1. 
Divisibility 5.4.1.1. Divisibility and Elementary Divisibility Rules 5.4.1.2. Prime Numbers 5.4.1.3. Criteria for 
Divisibility 5.4.1.4. Greatest Common Divisor and Least Common Multiple 5.4.1.5. Fibonacci Numbers 5.4.2. 
Linear Diophantine Equations 5.4.3. Congruences and Residue Classes 5.4.4. Theorems of Fermat, Euler, and 
Wilson 5.4.5. Codes 5.5. Cryptology 5.5.1. Problem of Cryptology 5.5.2. Cryptosystems 5.5.3. Mathematical 
Foundation 5.5.4. Security of Cryptosystems 5.5.4.1. Methods of Conventional Cryptography 5.5.4.2. Linear 
Substitution Ciphers 5.5.4.3. Vigenere Cipher 5.5.4.4. Matrix Substitution 5.5.5. Methods of Classical Cryptanal- 
ysis 5.5.5.1. Statistical Analysis 5.5.5.2. Kasiski-Friedman Test 5.5.6. One-Time Pad 5.5.7. Public Key Nethods 
5.5.7.1. Diffie-Hellman Key Exchange 5.5.7.2. One-Way Function 5.5.7.3. RSA Method 5.5.8. DES Algorithm 
(Data Encryption Standard) 5.5.9. IDEA Algorithm (International Data Encryptions Algorithm) 5.6. Universal 
Algebra 5.6.1. Defintion 5.6.2. Congrience Relations, Factor Algebra 5.6.3. Homomorphism 5.6.4. Homomor- 
phism Theorem 5.6.5. Varieties 5.6.6. Term Algebras, Free Algebras 5.7. Boolean Algebras and Switch Algebra 
5.7.1. Definition 5.7.2. Duality Principle 5.7.3. Finite Boolean Algebras 5.7.4. Boolean Algebras as Orderings 
5.7.5. Boolean Functions, Boolean Expressions 5.7.6. Normal Forms 5.7.7. Switch Algebra 5.8. Algorithms of 
Graph Theory 5.8.1. Basic Notions and Notation 5.8.2. Traverse of Undirected Graphs 5.8.2.1. Edge Sequences 
or Paths 5.8.2.2. Euler Trails 5.8.2.3. Hamiltonian Cycles 5.8.3. Trees and Spanning Trees 5.8.3.1. Trees 5.8.3.2. 
Spanning Trees 5.8.4. Matchings 5.8.5. Planar Graphs 5.8.6. Paths in Directed Graphs 5.8.7. Transport Networks 
5.9. Fuzzy Logic 5.9.1. Basic Notions of Fuzzy Logic 5.9.1.1. Interpretation of Fuzzy Sets 5.9.1.2. Membership 
Functions on the Real Line 5.9.1.3. Fuzzy Sets 5.9.2. Aggregation of Fuzzy Sets 5.9.2.1. Concepts for Aggre- 
gation of Fuzzy Sets 5.9.2.2. Practical Aggregator Operations of Fuzzy Sets 5.9.2.3. Compensatory Operators 
5.9.2.4. Extension Principle 5.9.2.5. Fuzzy Complement 5.9.3. Fuzzy Valued Relations 5.9.3.1. Fuzzy Relations 
5.9.3.2. Fuzzy Product Relation R o S 5.9.4. Fuzzy inference(Approximate Reasoning) 5.9.5. Defuzzification 
Methods 5.9.6. Knowledge-Based Fuzzy Systems 5.9.6.1. Method of Mamdani 5.9.6.2. Method of Sugeno 5.9.6.3. 
Cognitive Systems 5.9.6.4. Knowledge-Based Interpolation Systems 
6. Differentiation 6.1. Differentiation of Functions of One Variable 6.1.1. Differential quotient 6.1.2. Rules of 
Differentiation for Functions of One Variable 6.1.2.1. Derivatives of the Elementary Functions 6.1.2.2. Basic Rules 
of Differentiation 6.1.3. Derivatives of the Elementary Functions 6.1.3.1. Defintion of Derivatives of Higher Order 
6.1.3.2. Derivatives of Higher Order of some Elementary Functions 6.1.3.3. Leibniz's Formula 6.1.3.4. Higher 
Derivatives of Functions Given in Parametric Form 6.1.3.5. Derivatives of Higher Order of the inverse Function 
6.1.4. Fundamental Theorems of Differential Calculus 6.1.4.1. Monotonicity 6.1.4.2. Fermat's Theorem 6.1.4.3. 
Rolle's Theorem 6.1.4.4. Mean Value Theorem of Differential Calculus 6.1.4.5. Taylor's Theorem of Functions 
of One Variable 6.1.4.6. Generalized Mean Value Theorem of Differential Calculus (Cauchy's Theorem) 6.1.5. 
Determination of the Extreme Values and Inflection Points 6.1.5.1. Maxima and Minima 6.1.5.2. Necessary 
Conditions for the Existence of a Relative Extreme Value 6.1.5.3. Relative Extreme Values of a Differentiable, 
Explicit Function 6.1.5.4. Determination of Absolute Extrema 6.1.5.5. Determination f the Extrema of Implicit 
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Functions 6.2. Differentiation fFunctions of Several Variables 6.2.1. Partial Derivatives 6.2.1.1. Partial Derivative 
of a Function 6.2.1.2. Geometrical Meaning for Functions of two Variables 6.2.1.3. Differentials of x and $(x) 
6.2.1.4. Basic Properties of the Differential 6.2.1.5. Partial Differential 6.2.2. Total Differential and Differentials of 
Higher Order 6.2.2.1. Notion of Total Differential of a Function of Several Variables (Complete Differential) 6.2.2.2. 
Derivatives and Differentials of Higher Order 6.2.2.3. Taylor's Theorem for Functions of Several Variables 6.2.3. 
Rules of Differentiation for Functions of Several Variables 6.2.3.1. Differentiation of Composite Functions 6.2.3.2. 
Differentiation of Implicit Functions 6.2.4. Substitution of Variables in Differential Expressions and Coordinate 
Transformations 6.2.4.1. Function of One Variable 6.2.4.2. Function of Two Variables 6.2.5. Extreme Values of 
Functions of Several Variables 6.2.5.1. Definition 6.2.5.2. Geometric Representation 6.2.5.3. Determination of
Extreme Values of Functions of Two Variables 6.2.5.4. Determination of the Extreme Values of a Function of n 
Variables 6.2.5.5. Solution of Approximation Problems 6.2.5.6. Extreme Value Problem with Side Conditions 
7. Infinite Series 7.1. Sequence of Numbers 7.1.1. Properties of Sequences of Numbers 7.1.1.1. Definiton of 
Sequence of Numbers 7.1.1.2. Monotone Sequences of Numbers 7.1.1.3. Bounded Sequences 7.1.2. Limits of 
Sequences of Numbers 7.2. Numbers Series 7.2.1. General Convergence Theorems 7.2.1.1. Convergence and 
Divergence of Infinite Series 7.2.1.2. General Theorems anout the Convergence of Series 7.2.2. Convergence 
Criteria for Series with Positive Terms 7.2.2.1. Comparison Criterion 7.2.2.2. D'Alembert's Ratio Test 7.2.2.3. 
Root Test of Cauchy 7.2.2.4. Integral Test of Cauchy 7.2.3, Absolute and Conditional Convergence 7.2.3.1. 
Definiton 7.2.3.2. Properties of Absolutely Convergent Series 7.2.3.3. Alternation Series 7.2.4. Some Special Series 
7.2.4.1. The Values of Some Important Number Series 7.2.4.2. Bernoulli and Euler Numbers 7.2.5. Estimation 
of the Remainder 7.2.5.1. Estimation with Majorant 7.2.5.2. Alternating Convergent Series 7.2.5.3. Special 
Series 7.3. Function Series 7.3.1. Definitons 7.3.2. Uniform Convergence 7.3.2.1. Defintion, Weierstrass Theorem 
7.3.2.2. Properties of Uniformly Convergent Series 7.3.3. Power Series 7.3.3.1. Definiton, Convergence 7.3.3.2. 
Calculations with Power Series 7.3.3.3. Taylor Series Expansion, maclautin Series 7,3.4. Approximation Formulas 
7.3.5. Asymptotic Power Series 7.3.5.1. Asymptotic Behavior 7.3.5.2. Asymptotic Power Series 7.4. Fourier 
Series 7.4.1. Trigonometric Sum and Fourier Series 7.4.1.1, Basic Notions 7.4.1.2. Most important Properties of 
the Fourier Series 7.4.2. Determination of Coefficients for the Symmetric Functions 7.4.2.1. Different Kinds of 
Symmetries 7A.2,2. Forms of the Expansion ito a Fourier Series 7.4.3. Determination of the Fourier Coefficients 
with Numerical Methods 7.4.4. Fourier series and Fourier Integrals 7.4.5. Remarks on the Table of Some Fourier 
Expansions 
8. Integral Calculus 8.1. Indefinite Integrals 8.1.1. Primitive Function or Antiderivative 8.1.1.1. Indefinite 
Integrals 8.1,1.2. Integrals of Elementary Functions 8.1.2. Rules of Integration 8.1.3. integration of Rational 
Functions 8.1.3.1. Integrals of Integer Rational Functions (Polynomials) 8.1.3.2. Integrals of Fractional Rational 
Functions 8.1.3.3, Four Cases of Partial Fraction Decomposition 8.1.4. Integration of Irrational Functions 8.1.4.1. 
Substitution to Reduce to Integration of Rational Functions 8.1.4,2. Integration of Binomial Integrands 8.1.4.3. 
Elliptic Integrals 8.1.5. Integration of Trigonometric Functions 8.1.5.1. Substitution 8.1.5.2. Simplified Methods 
8.1.6. Integration of Further Transcendental Functions 8.1.6.1. Integrals with Exponential Functions 8.1.6.2. 
Integrals with Hyperbolic Functions 8.1,6.3. Application of Integration by Parts 8.1.6.4. Integrals of Transcenental 
Functions 8,2. Definite Integrals 8.2.1. Basic Notions, Rules and Theorems 8.2.1.1. Defintion and existence of the 
Definite Integral 8.2.1.2. properties of Definite Integrals 8.2.1.3. Further Theorems about he Limits of Integration 
8.2.1,4. Evaluation of the Definite Integral 8.2.2. Application of Definite Integrals 8.2.2.1. General Principles for 
Application of the Definite Integral 8.2.2.2. Applications in Geometry 8.2.2.3. Applications in Mechanics and 
Physics 8.2.3. improper Integrals, Stieltjes and Lebesgue Integrals 8,2.3.1. Generalization of the Notion of the 
Integeral 8.2.3.2. Integrals with Infintie Integration Limits 8.2.3.3. Integrals with Unbouonded Integrand 8.2.4. 
Parametric Integrals 8.2.4.1. Defintion of Parametric Integrals 8.2.4.2. Differentiation Under the Symbol of 
Integration 8.2.4.3. Integration Under the Symbol of Integrations 8.2.5. Integration by Series Expansion, Special 
Non-Elementary Functions 8.3. line Integrals 8.3.1. Line integrals of the First Type 8.3.1.1. Defintions 8.3.1.2. 
Existence Theorem 8.3.1.3. Evalutation of the Line Integral of the First Type 8.3.1.4. Application of the Line 
Integral of the First Type 8.3.2. Line Integrals of the Second Type 8.3.2.1. Definitions 8.3.2.2. Existence Theorem 
8.3.2.3. Calculation of the line Integral of the Second Type 8.3.3. Line Integrals of General Type 8.3.3.1. Defintion 
8.3.3.2. Properties of the line Integral of General Type 8.3.3.3. Integral Along a Closed Curve 8.3.4. Independence 
of the Line Integral of the Path of Integration 8.3.4.1, Two-Dimenional Case 8.3.4.2. Existence of a Primitive 
Function 8.3.4.3. Three-Dimensional Case 8.3.4.4. Determination f the Primitive Function 8.3.4.5. Zero-Valued 
Integral Along a Closed Curve 8.4. multiple Integrals 8.4.1. Double integrals 8.4.1.1. Notion of the Double Integral 
8.4.1.2. Evaluation of the Triple integral 8.4.1.3. Applications of the Double Integral 8.4.2. Triple integrals 8.4.2.1. 
Notion of the Triple integral 8.4.2.2. Evalulation of the Triple integral 8.4.2.3. Applications of the Triple integral 
8.5. Surface Integrals 8.5.1. Surface Integral of the First Type 8.5.1.1. Notion of the Surface Integral of the First 
Type 8.5.1.2. Evaluation of the Surface Integral of the First Type 8.5.1.3. Applications of the Surface Integral of 
the First Type 8.5.2. Surface Integral of the Second Type 8.5.2.1. Notion of the Surface Integral of the Second 
Type 8.5.2.2. Evaluation of Surface Integrals of the Second Type 8.5.2.3. An Application of the Surface Integrals 
9. Differential Equations 9.1. Ordinary Differential Equations 9.1.1. First-Order Differential Equations 9,1.1.1, 
Existence Theorems, Directions Field 9.1.1.2. Important Solution Mehods 9.1.1.3. Implicit Differential Equations 
9.1.1.4. Singular Integrals and Singular Points 9.1.1.5. Approximation Methods for Solution of First-Order Dif- 
ferential Equations 9.1.2. Differential Equations of Higher Order and Sustems of Differential Equations 9.1.2.1. 
Basic Results 9.1.2.2. Lowering the Order 9.1.2.3. Linear n-th Order Defferential Equations 9.1.2.4. Solution of 
Linear Differential Equations with Constant Coefficients 9.1.2.5. Systems of Linear Differential Equations with 
Constant Coefficients 9.1.2.6. Liner Second-Order Differential Equations 9.1.3. Boundary Value Problems 9.1.3.1. 
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Problem Formulation 9.1.3.2. Fhndamental Properties of Eigenfunctions and Eigenvalues 9.1.3.3. Expansion in 
Eigenfunctions 9.1.3.4. Singular Cases 9.2. Partial Difference Equations 9.2.1. First-Order Partial Differential 
Equations 9.2.1.1. Linear First-Order Partial Differential Equations 9.2.1.2. Non-Linear First-Order Partial Differ- 
ential Equations 9.2.2. Linear Second-Order Partial Differnetial Equations 9.2.2.1. Classification and Properties of 
Second-Order Differential Equations with Two Independent Variables 9.2.2.2. Classification and Properties of Lin- 
ear Second-Order Differential Equations with more than two Independent Variables 9.2.2.3. Integration Methods 
for Linear Second-Order Partial Differential Equations 9.2.3. Some Furhter Partial Differential Equations From 
NaturM Sciences and Engineering 9.2.3.1. Formulation of the Problem and the Boundary Conditions 9.2.3.2. Wave 
Equation 9.2.3.3. Heat Conduction and Diffusion Equation for Homogeneous Media 9.2.3.4. Potential Equation 
9.2.3.5. Schrodinger's Equation 9.2.4. Non-Linear Partial Differential Equations: Solitions, Periodic Patterns and 
Chaos 9.2.4.1. Formulation of the Physical-Mathematical Problem 9.2.4.2. Korteweg de Vries Equation (KdV) 
9.2.4.3. Non-Linear Schrodinger Equation (NLS) 9.2.4.4. Sine:Gordon Equation (SG) 9.2.4.5. Further Non-Linear 
Evolution Equations with Soliton Solutions 
10. Calculus of Variations 10.1. Defining the Problem 10.2. Historical Problems 10.2.1. Isoperimetric Problem 
10.2.2. Brachistochrone Problem 10.3. Variational Problems of One-Variable 10.3.1. Simple Variational Problems 
and Extremal Curves 10.3.2. Euler Differential Equation of the Variational Calculus 10.3.3. Variational Problems 
with Side Conditions 10.3.4, Variational Problems with Higher-Order Derivatives 10.3.5. Variational Problem 
with Several Unknown Functions 10.3.6. Variational Problems using Parametric Representation 10.4. Variational 
Problems with Functions of Several Variables 10.4.1. Simple Variational Problems 10.4.2. More General Varia- 
tional Problems 10.5. Numerical Solution of Variational Problems 10.6. Supplementary Problems 10.6.1. First 
and Second Variation 10.6.2. Application in physics 
11. Linear Integral Equations 11.1. Indroduction and Classification 11.2. Fredholm Integral Equations of the Sec- 
ond Kind 11.2.1. Integral Equations with Degenerate Kernel 11.2.2. Successive Approximation Method Neumann 
Series 11.2.3. Fredholm Solution Methodm, Fredholm Theorems 11.2.3.1. Fredholm Solution Method 11.2.3.2. 
Fredholm Theorems 11.2.4. Numerical Methods for Fredholm Integral Equations of the Second Kind 11.2.4.1. 
Approximation of the Integral 11.2.4.2. Kernel Approximation 11.2.4.3. Colloction Method 11.3. Fredholm In- 
tegral Equations of the First Kind 11.3.1. Integral Equations with Degenerate Kernels 11.3.2. Analytic Basis 
11.3.3. Reduction of an Integral Equation into a Linear System of Equations 11.3.4. Solution of the Homogeneous 
Integral Equation of the first kind 11.3.5. Construction of Two-Special Orthonormal Sustems for a Given Kernel 
11.3.6. Iteration Method 11.4. Volterra Integral Equations 11.4.1. Theoretical Foundations 11.4.2. Solution by 
Differentiation 11.4.3. Solution of the Volterra Integral Equations of the second kind by Neumann Series 11.4.4. 
Convolution Type Volterra Integral Equations 11.4.5. Numerical Methods for Volterra Integral Equations of the 
Second Kind 11.5. Singular integral Equations 11.5.1. Abel Integral Equations 11.5.2. Singular integral Equation 
with Cauchy Kernel 11.5.2.1. Formulation of the Problem 11.5.2.2. Existence of a Solution 11.5.2.3. Properties of 
Cauchy Type Integrals 11.5.2.4. The Hilbert Boundary Value Problem 11.5.2.5. Solution of the Hilbert Boundary 
Value Problem (in short:Hilbert Problem) 11.5.2.6. Solution of the Characteristic Integral Equation 
12. Functional Analaysis 12.1. Vector Spaces 12.1.1. Notion of a Vector Space 12.1.2. Linear and Affine Linear 
Subsets 12.1.3. Linearly Independent Elements 12.1.4. Convex Subsets and the Convex Hull 12.1.4.1. Convex 
Sets 12.1.4.2. Cones 12.1.5. Linear Operators and Functionals 12.1.5.1. Mappings 12.1.5.2. Homomorphism and 
Endomorphism 12.1.5.3. Isomorphic Vector Spaces 12.1.6. Complexification f Real Vector Spaces 12.1.7. Ordered 
Vector Spaces 12.1.7.1. Cone and Partial Ordering 12.1.7.2. Order Bouded Sets 12.1.7.3. Positive Operators 
12.1.7.4. Vector Lattices 12.2. Metric Spaces 12.2.1. Notion of a Metric Space 12.2.1.1. Balls, Neighborhoods 
and Open Sets 12.2.1.2. Convergence of Sequences in Metric Spaces 12.2.1.3. Closed Sets and Closure 12.2.1.4. 
Dense Subsets and Separable Metric Spaces 12.2.2. Complete Metric Spaces 12.2.2.1. Cauchy Sequences 12.2.2,2. 
Complete Metric Spaces 12.2.2.3. Some Fundamental Theorems in Complete Metric Spaces 12.2.2.4. Some 
Applications of the Contraction Mapping Principle 12.2.2.5. Completion of a Metric Space 12.2.3. Continuous 
Operators 12.3. Normed Spaces 12.3.1. Notion of a Normed Space 12.3.1.1. Axioms os a Normed Space 12.3.1.2. 
Some properties of a Normed Space 12.3.2. Banach Spaces 12.3.2.1. Series in Normed Spaces 12.3.2.2. Examples 
of Banach Spaces 12.3.2.3. Sobolev Spaces 12.3.3. Ordered Normed Spaces 12.3.4. Normed Algebras 12.4. 
Hilbert Spaces 12.4.1. Notion of a Hilbert Space 12.4.1.1. Scalar Product 12.4.1.2. Unitary Spaces and Some 
of their Properties 12.4.1.3. Hilbert Space 12.4.2. Orthogonality 12.4.2.1. Properties of Orthogonality 12.4.2.2. 
Orthogonal Systems 12.4.3. Fourier Series in Hilbert Spaces 12.4.3.1. Best Approximation 12.4.3.2. Parseval 
Equation, Riesz Fischer Theorem 12.4.4. Existence of a Basis, Isomorphic Hilbert Spaces 12.5. Continuous Linear 
Operators and Functionals 12.5.1. Boundedness, Norm and Continuity of Linear Operators 12.5.1.1. Boundedness 
and the Norm of Linear Operators 12.5.1.2. The Space of Linear Continuous Operators 12.5.1.3. Convergence 
of Operator Sequences 12.5.2. Linear Continuous Operators in Banach Spaces 12.5.3. Elements of the SpectrM 
Theory of Linear Operators 12.5.3.1. Resolvent Set and the Resolvent of an Operator 12.5.3.2. Spectrum of an 
Operator 12.5.4. Continuous Linear Functionals 12.5.4.1. Definition 12.5.4.2. Continuous linear Functionals in 
Hilbert Spaces Riesz Representation Theorem 12.5.4.3. Continuous Linear Functionals in L p 12.5.5. Extension of 
a Linear Functional 12.5.6. Seperation of Convex Sets 12.5.7. Second Adjoint Space and Reflexive Spaces 12.6. 
Adjoint Operators in Normed Spaces 12.6.1. Adjoint of a Bounded Operator 12.6.2. Adjoint Operator of and 
Unbounded Operators 12.6.3. Self-Adjoint Operators 12.6.3.1. Positive Definite Operators 12.6.3.2. Projectors in 
a Hilbert Space 12.7. Compact Sets and Compact Operators 12.7.1. Compact Subsets of a Normed Space 12.7.2. 
Compact Operators 12.7.2.1. Defintion of a Compact Operator 12.7.2.2. Properties of Linear Compact Operators 
12.7.2.3. Weak Convergence of Elements 12.7.3. Fredholm Alternative 12.7.4. Compact Operators in Hilbert 
Space 12.7.5. Compact Self-Adjoint Operators 12.8. Non-Linear Operators 12.8.1. Examples of Non-Linear 
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Operators 12.8.2. Differentiability of Non-Linear Operators 12.8.3. Newton's Method 12.8.4. Schauder's Fixed- 
Point Theorem 12.8.5. Leray-Schauder Theory 12.8.6. Positive Non-Linear Operators 12.8.7. Monotone Operators 
in Banach Spaces 12.9. Measure and Lebesgue Integral 12.9.1. Sigma Algebra and Measures 12.9,2. Measurable 
Functions 12.9.2.1. Properties of the Class of Measurable Functions 12.9.2.2. Measurable Functions 12.9.3. 
Integration 12.9.3,1. Definiton of the Integral 12.9.3.2. Some Properties of the Integral 12.9.3.3. Convergence 
Theorems 12,9.4. L p Spaces 12.9.5. Distributions 12.9.5.1. Formula of Partial Intergration 12.9.5.2. Generalized 
Derivative 12.9.5.3. Distribution 12.9.5.4. Derivative of a Distrubution 
13. Vector Analysis and Vector Fields 13.1. Basic Notions of the Theory of Vector Fields 13.1.1. Vector Functions 
of a Scalar Variable 13.1.1.1. Definitions 13.1.1.2. Derivative of a Vector Functions 13.1,1.3. Rules of Differentiation 
for Vectors 13.1.1.4. Taylor Expansion for Vector Functions 13.1.2. Scalar Fields 13.1.2.1. Scalar Fields or 
Scalar Point Functions 13.1.2.2. Important Special Cases of Scalar Fields 13.1.2.3. Coordinate Definition of a 
Fie;d 13.1.2.4. level Surfaces and Level Lines of a Field 13.1.3. Vector Fields 13.1.3.1. Vector Field or Vector 
Point Functions 13.1.3.2. Important Cases of Vector Fields 13.1.3.3. Coordinate Representation f Vector Fields 
13.1.3.4. Transformation of Coordinate Systems 13.1.3.5. Vector Lines 13.2. Differential Operators of Space 
13.2.1. Directional and Space Derivatives 13.2.1.1. Directional Derivative of a Scalar Field 13.2.1.2. Directional 
Derivative os a Vector Field 13.2.1.3. Volume Derivative 13.2.2. Gradient of a Scalar Field 13.2.2.1. Defintion 
of the Gradient 13.2.2.2. Gradient and Volume Derivative 13.2.2,3. Gradient and Directional Derivative 13.2.2.4. 
Further Properties of the Gradient 13.2.2.5. Gradiant of the Scalar Field in Different Coordinates 13.2.2.6. Rules 
of Calculations 13.2.3. Vector Gradient 13.2.4. Divergence of Vector Fields 13.2.4.1. Definition of Divergence 
13.2.4.2. Divergence in Different Coordinates 13.2.4.3. Rules for Evaluation of the Divergence 13.2.4.4. Divergence 
of a Central Field 13.2.5. Rotation of Vector Fields 13.2.5.1. Definitions of the Rotation 13.2.5.2, Rotation in 
Differemt Coordinates 13.2.5.3. Rules for Evaluating the Rotation 13.2.5.4. Rotation of a Potential Field 13.2.6. 
Nabla Operator, Laplace Operator 13.2.6.1. Nabla Operator 13.2.6.2. Rules for Calculations with the Nabla 
Operator 13.2.6.3. Vector Gradient 13.2.6.4. Nabla Operator Applied Twice 13.2.6.5. Laplace Operator 13.2.7. 
Review of Spatial Differential Operations 13.2.7.1. Fundamental Relations and Results(see table 13.2) 13.2.7.2. 
Rules of Calculation for Spatial Differential Operators 13.2.7.3, Expressions of Vector Analysis in Cartesian, 
Cylindrical, and Spherical Coordinates 13.3. Integration i  Vector Fields 13.3.1. Line Integral and Potential in 
Vector Fields 13.3.1.1. Line Integral in Vector Fields 13.3.1.2. Interpretation of the Line Integral in Mechanics 
13.3.1.3. Properties of the Line Integral 13.3.1.4. line Integral in Cartesian Coordinates 13.3.1.5. Integral Along a 
closed Curve in a Vector Field 13.3.1.6. Conservative or Potential Field 13.3.2. Surface Integrals 13.3.2.1. Vector 
of a Plane Sheet 13.3.2.2. Evaluation of the Surface Integral 13.3.2.3. Surface Integrals and Flow of Fields 13.3.2.4. 
Surface Integrals in Cartesian Coordinates as Surface Integral of Second Type 13.3.3. Integral Theorems 13.3.3.1. 
Integral Theorem and Integral Formula of Gauss 13.3.3.2. Integral Theorem of Stokes 13.3.3.3. Integral Theirems 
of Green 13,4. Evaluation of Fields 13.4.1. Pure Source Fields 13.4.2. Pure Rotation Field or Zero-Divergence 
Field 13.4.3. Vector Fields with Point-Like Sources 13.4.3.1. Coulomb Field of a Point-Like Charge 13.4.3.2. 
Gravitational Field of a Point Mass 13.4.4. Superposition ofFields 13.4.4.1. Discrete Source Distribution 13.4.4.2. 
Continuous Source Distribution 13.4.4.3. Conclusion 13.5. Differential Equations of Vector Field Theory 13.5.1. 
Laplace Differential Equation 13.5.2. Poisson Differential Equation 
14. Function Theory 14.1. Functions of Complex Variables 14.1.1. Continuity, Differentiability 14.1.1.1. Definition 
of a Complex Function 14.1.1.2. Limit of a Complex Function 14.1.1.3. Continuous Complex Functions 14.1.1.4. 
Differentiability of a Complex Function 14.1.2. Analytic Functions 14.1.2.1. Definition of Analytic Functions 
14.1.2.2. Examples of Analytic Functions 14.1.2.3. Properties of Analytic Functions 14.1.2.4. Singular Points 
14.1.3. Confromal Mapping 14.1.3.1. Notion and Properties of Conformal Mappings 14,1.3.2. Simplest Conformal 
Mappings 14.1.3.3. The Schwarz Reflection Principle 14.1.3.4. Complex Potential 14.1.3.5. Superposition Principle 
14.1.3.6. Arbitrary Mappings of the Complex Plane 14.2. Intergration i the Complex Plane 14.2.1. Definite and 
Indefinite Integral 14.2.1.1. Definition of the Integral in the Complex Plane 14.2.1.2. Properties and Evaluation 
of Complex Integrals 14.2.2. Canchy Integral Theorem 14.2.2,1. Cauchy Integral Theorem for Simply Connected 
Domains 14.2.2.2. Cauchy Integral Theorem for Multiply Connected Domains 14.2,3, Cauchy Integral Formulas 
14.2.3.1. Analytic Function on the Interior of a Domain 14.2.3.2. Analytic Function on the Exterior of a Domain 
14.3. Power Series Expansion of Analytic Functions 14.3.1. Convergence of Series with Complex Terms 14.3.1.1. 
Convergence of a Number Sequence with Complex Terms 14.3.1.2. Convergence of an Infinite Series with Complex 
Terms 14.3.1.3. Power Series with Complex Terms 14.3.2. Taylor Series 14.3.3. Principle of Analytic Continuation 
14.3.4. Laurent Expansion 14.3.5. Isolated Singular Points and the Residue Theorem 14.3.5.1. Isolated Singular 
Points 14.3.5.2. Meromorphic Functions 14.3.5.3. Elliptic Functions 14.3.5.4. Residue 14.3.5.5. Residue Theorem 
14.4. Evaluation of Real Integrals by Complex Integrals 14.4.1. Application of Cauchy Integral Formulas 14.4.2. 
Application of the Residue Theorem 14.4.3. Application of the Jordan Lemma 14.4.3.1. Jordan lemma 14.4.3.2. 
Examples of the Jordan Lemma 14.5. Algebraic and Elementary Transcendental Functions 14.5.1. Algebraic 
Functions 14.5.2. Elementary Transcendental Functions 14.5.3. Description of Curves in Complex Form 14.6. 
Elliptic Functions 14.6.1. Relation to Elliptic Integrals 14.6.2. Jacobian Functions 14.6.3. Theta Function 14.6.4, 
Weierstrass Functions 
15. Integral Transformation 15.1. Notion of Integral Transformation 15.1.1. General Defintion of Integral Trans- 
formations 15.1.2. Special Integral Transformations 15.1.3. Inverse Transformations 15.1.4. Linearity of Integral 
Transformations 15.1.5. Integral Transformations for Functions of Several Variables 15.1.6. Applications of In- 
tegral Transformations 15.2. Laplace Transformation 15.2.1. Properties of the Laplace Transformation 15.2.1.1. 
Laplace Transformation, Original and Image Space 15.2.1.2. Rules for the Evaluation of the Laplace Transfor- 
mation 15.2.1.3. Transforms of Special Functions 15.2.1.4. Dirac 5 Function and Distributions 15.2.2. Inverse 
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Transformation i to the Original Space 15.2.2.1. Inverse Transformation with the help of Tables 15.2.2.2. Partial 
Fraction Decomposition 15.2.2.3. Series Expansion 15.2.2.4. Inverse Integral 15.2.3. Solution of Differential Equa- 
tions using Laplace Transformation 15.2.3.1. Ordinary Linear Defferential Equations with Constant Coefficients 
15.2.3.2. Ordinary Linear Defferential Equations with Coefficients Depending on the Variable 15.2.3.3 Partial Dif- 
ferential Equations 15.3. Fourier Transformation 15.3.1. Properties of the Fourier Transformation 15.3.1.1. Fourier 
Integrals 15.3.1.2. Fourier Transformation and Inverse Transformations 15.3.1.3. Rules of Calculation with the 
Fourier Transformation 15.3.1.4. Transforms of Special Functions 15.3.2. Solution of Differential Equations using 
the Fourier Transformation 15.3.2.1. Ordinary Linear Differential Equations 15.3.2.2. Partial Differential Equa- 
tions 15.4. Z-Transformation 15.4.1. Properties of the Z-Transformation 15.4.1.1. Discrete Functions 15.4.1.2. 
Definition of the Z-Transformation 15.4.1.3. Rules of Calculations 15.4.1.4. Relation to the Laplace Transfor- 
mation 15.4.1.5. Inverse of the Z-Transformation 15.4.2. Applications of the Z-Transformation 15.4.2.1. General 
Solution of Linear Difference Equations 15.4.2.2. Second-Order Difference Equations (Initial Value Problem) 
15.4.2.3. Second-Order Difference Equations (Boundary Value Problem) 15.5. Wavelet Transformation 15.5.1. 
Signals 15.5.2. Wavelets 15.5.3. Wavelet Transformation 15.5.4. Discrete Wavelet Transformation 15.5.4.1. Fast 
Wavelet Transformation 15.5.4.2. Discrete Haar Wavelet Transformation 15.5.5. Gabor Transformation 15.6. 
Walsh Functions 15.6.1. Step Functions 15.6.2. Walsh Systems 
16. Probability Theory and Mathematical Statistics 16.1. Combinatorics 16.1.1. Permutations 16.1.2. Combi- 
nations 16.1.3. Arrangments 16.1.4. Collection of the Formulas of Combinatories ( ee table 16.1) 16.2. Proba- 
bility Theory 16.2.1. Event, Frequency and Probability 16.2.1.1. Events 16.2,1.2. Frequencies and Probabilities 
16.2.1.3. Conditional Probability, Bayes Theorem 16.2.2. Random Variables, Distribution Functions 16.2.2.1. 
Random Variable 16.2.2.2. Distribution Function 16.2.2.3. Expected Value and Variance, Chebyshev Inequal- 
ity 16.2.2.4. Multidimensional Random Variable 16.2.3. Discrete Distributions 16.2.3.1. Binomial Distribution 
16.2.3.2. Hypergeometric Distribution 16.2.3.3. Poisson Distribution 16.2.4. Continuous Distributions 16.2.4.1. 
Normal Distribution 16.2.4.2. Standard Normal Distribution, Gaussin Error Function 16.2.4.3. Logarithmic Nor- 
mal Distribution 16.2.4.4. Exponential Distribution 16.2.4.5. Weibull Distribution 16.2.4.6. X 2 (Chi-Square) 
Distribution 16.2.4.7. Fisher F Distribution 16.2.4.8. Student t Distribution 16.2.5. Law of Large Numbers, Limit 
Theorems 16.2.6. Stochastic Processes and Stochastic Chains 16.2.6.1. Basic Notions, Markov Chains 16.2.6.2. 
Poisson Process 16.3. Mathematical Statistics 16.3.1. Statistic Function or Sample Function 16.3.1.1. Population, 
Sample, Random Vector 16.3.1.2. Statistic Function or Sample Function 16.3.2. Descriptive Statistics 16.3.2.1. 
Statistical Summarization and Analysis of Given Data 16.3.2.2. Statistical Parameters 16.3.3. Important Tests 
16.3.3.1. Goodness of Fit Test for a Normal Distribution 16.3.3.2. Distribution of the Sample Mean 16.3.3.3. 
Confidence 16.3.3.4. Confidence 16.3.3.5. Structure of Hyposthesis Test 16.3.4. Correlation and Regression 
16.3.4.1. Linear Correlation of two Measurable Characters 16.3.4.2. Linear Regression for two Measurable Char- 
acters 16.3.4.3. Multidimensional Regression 16.3.5. Monte Carlo Methods 16.3.5.1. Simulation 16.3.5.2. Random 
Numbers 16.3.5.3. Example of a Monte Carlo Simulation 16.3.5.4. Application of the Monte Carlo Method in 
Numerical Mathematics 16.3.5.5. Further Applications of the Monte Carlo Method 16.4. Calculus of Errors 16.4.1. 
Measurement Error and its Distribution 16.4.1.1. Qualitative Characterization f Measurement Error 16.4.1.2. 
Density Function of the Measurement Error 16.4.1.3. Quantitative Characterization f the Measurement Error 
16.4.1.4. Determining the Result of a Measurement with Bounds on the Error 16.4.1.5. Error Estimation for 
Direct Measurements with the Same Accuracy 16.4.1.6. Error Estimation for Direct Measurements with Different 
Accuracy 16.4.2. Error Propagation and Error Analysis 16.4.2.1. Gauss Error Propagation Law 16.4.2.2. Error 
Analysis 
17. Dynamical Systems and Chaos 17.1. Ordinary Differential Equations and Mappings 17.1.1. Dynamical 
Systems 17.1.1.1. Basic Notions 17.1.1.2. Invariant Sets 17.1.2. Qualitative Theory of Ordinary Differential 
Equations 17.1.2.1. Existence of Flows, Phase Space Structure 17.1.2.2. Linear Differential Equations 17.1.2.3. 
Stability Theory 17.1.2.4. Invariant Manifolds 17.1.2.5. Poincare Mapping 17.1.2.6. Topological Equivalence of 
Differential Equations 17.1.3. Discrete Dynamical Systems 17.1.3.1. Steady States, Periodic Orbits and Limit 
Sets 17.1.3.2. Invariant Manifolds 17.1.3.3. Topological Conjugacy of Discrete Systems 17.1.4. Structural Sta- 
bility (Robustness) 17.1.4.1. Structurally Stable Differential Equations 17.1.4.2. Structurally Stable Discrete 
Systems 17.1.4.3. Generic Properties 17.2. Quantitative Description of Attractors 17.2.1. Probability Measures 
on Attractors 17.2.1.1. Invartiant Measure 17.2.1.2. Elements of Ergodic Theory 17.2.2. Entropies 17.2.2.1. 
Topological Entropy 17.2.2.2. Metric Entropy 17.2.3. Lyapunov Exponents 17.2.4. Dimensions 17.2.4.1. Metric 
Dimensions 17.2.4.2. Dimensions Defined by Invariant Measures 17.2.4.3. Local Hausdorff Dimension According 
to Douady and Oesterle 17.2.4.4. Examples of Attractors 17.2.5. Strange Attractors and Chaos 17.2.6. Chaos in 
One-Dimensional Mappings 17.3. Bifurcation Theory and Routes to Chaos 17.3.1. Bifurcations in Morse-Smale 
Systems 17.3.1.1. Local Bifurcations in Neighborhoods of Steady States 17.3.1.2. Local Bifurcations in a Neigh- 
borhood of a Periodic Orbit 17.3.1.3. Global Bifurcation 17.3.2. Transitions to Chaos 17.3.2.1. Cascade of Period 
Doublings 17.3.2.2. Intermittency 17.3.2.3. Global Homoclinic Bifurcations 17.3.2.4. Destruction of a Torus 
18. Optimization 18.1. Linear Programming 18.1.1. Formulation of the Problem and Geometrical Representation 
18.1.1.1. The Form of a Linear Programming Problem 18.1.1.2. Examples and Graphical Solutions 18.1.2. Basic 
Notions of Linear Programming, Normal Form 18.1.2.1. Extreme Points and Basis 18.1.2.2. Normal Form of the 
Linear Programming Problem 18.1.3. Simplex Method 18.1.3.1. Simplex Tableau 18.1.3.2. Transition to the New 
Simplex Tableau 18.1.3.3. Determination f an Initial simplex Tableau 18.1.3.4. Revised Simplex Tableau 18.1.3.5. 
Duality in Linear Programming 18.1.4. Special Linear Programming Problems 18.1.4.1. Transportation Problem 
18.1.4.2. Assignment Problem 18.1.4.3. Distribution Problem 18.1.4.4. Travelling Salesman 18.1.4.5. Scheduling 
Problem 18.2. Non-Linear Optimization 18.2.1. Formulation of the problem, Theoretical Basis 18.2.1.1. Formula- 
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tion of the Problem 18.2.1.2. Optimality Conditions 18.2.1.3. Duality in Optimization 18.2.2. Special Non-Linear 
Optimazation Problems 18.2.2.1. Convex Optimization 18.2.2.2. Quadratic Optimization 18.2.3. Solution Meth- 
ods for Quadratic Optimization Problems 18.2.3.1. Wolfe's Method 18.2.3.2. Hildreth-d'Esopo Method 18.2.4. 
Numerical Search Procedures 18.2.4.1. One-Dimensional Search 18.2.4.2. Minimum Search in n-Dimensional Eu- 
clidean Vector Space 18.2.5. Methods ofr Unconstrained Problems 18.2.5.1. Method of Steepest Descent 18.2.5.2. 
Application of the Newton Method 18.2.5.3. Cnjugate Gradient Methods 18.2.5.4. Method of Davidon, Fletcher 
and Powell (DFP) 18.2.6. Gradient Methods for Problems with Inequality Type constraint(s) 18.2.6.1. Method 
of Feasible Directions 18.2.6.2. Gradient Projection Methods 18.2.7. Penalty Function Method 18.2.7.1. Penalty 
Function Method 18.2.7.2. Barrier Method 18.2.8. Cutting Plane Methods 18.3. Discrete Dynamic Programming 
18.3.1. Discrete Dynamic Decision Models 18.3.1.1. n-Stage Decision Process 18.3.1.2. Dynamic Programming 
Problem 18.3.2. Examples of Discrete Decision Models 18.3.2.1. Purchasing Problem 18.3.2.2. Knapsack Prob- 
lem 18.3.3. Bellman Functional Equations 18.3.3.1. Properties of the Cost Function 18.3.3.2. Formulation of the 
Functional Equations 18.3.4. Bellman Optimality Principle 18.3.5. Bellman Functional Equation Method 18.3.5.1. 
Determination of Minimal Costs 18.3.5.2. Determination of the Optimal Policy 18.3.6. Examples of Applications 
of the Functional Equation Method 18.3.6.1. Optimal Purchasing Policy 18.3.6.2. Knapsack Problem 
19. Numerical Analysis 19.1. Numerical Solution of Non-Linear Equations in a Single Unknown 19.1.1. Iter- 
ation Method 19.1.1.1. Ordinary Iteration Method 19.1.1.2. Newton's Methods 19.1.1.3. Regula Falsi 19.1.2. 
Solution of Polynomial Equations 19.1.2.1. Homer's Scheme 19.1.2.2. Positions of the Roots 19.1.2.3. Numerical 
Methods 19.2. Numerical Solution of Equation Systems 19.2.1. Systems of Linear Equations 19.2.1.1. Triangular 
Decompositon of a Matrix 19.2.1.2. Cholesky's Methods for a Symmetric Coefficient Matrix 19.2.1.3. Orthogo- 
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